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1.  SUMMARY 


Interest  in  the  4-amino-l,5-naphthyridines  as  potential 
prophylactic  antimalarial  agents  has  been  generated  by  the  structural 
similarity  of  this  ring  system  to  both  the  4-  and  8-aminoquin''lines. 

In  our  synthetic  studies  for  this  year,  we  sought  to  expand  upon  the 
derivatives  of  4- amino-1, 5-naphthyridine  which  are  currently  available 
in  an  effort  to  secure  an  optimal  prophylactic  antimalarial  drug. 

Accordingly,  as  a  result  of  our  synthetic  efforts,  a  total  of  one- 
hundred  and  three  compounds  comprising  nineteen  1, 5-naphthyridine 
target  derivatives,  forty-one  1, 5-naphthyridine  intermediates,  and 
forty-three  miscellaneous  precursors  have  been  prepared  and  submitted 
for  biologic  testing. 

In  our  synthetic  studies  for  this  year,  we  have  been  mainly 
concerned  with  the  formation  of  three  main  classes  of  target  structures. 

These  have  included  the  6-alkoxy-,  2-alkoxy,  and  2,6-dialkoxy-4-amino- 
1,5-naphthyridines.  The  significant  results  of  our  synchetic  studies 
include:  the  iraprovization  of  a  new  synthetic  route  for  the  preparation 
of  6-alkoxy-4-amino-l,5-naphthyridines  which  are  not  attainble  via  the 
conventional  techniques;  the  development  of  a  new  procedure  to  incorporate 
the  pentaquine  side  chain  onto  the  2-  and  6-alkoxy-4-amino-l,5-naphthyridines; 
the  synthesis  of  a  variety  of  6-alkoxy-3-carboalkoxy-4-hydroxy-l,5- 
naphthyridines  for  inclusion  in  the  WRAIR  screening  program;  i  d  the 
preparation  of  2-methoxy- ,  2-hydroxy-,  6-methoxy-,  6-ethoxy-,  6-n-but^x;- , 
and  6-(2,2,2-trifluoroethoxy)-l,5-naphthyridines  bearing  both  the 
pentaquine  and  pamaquine  side  chains  on  the  ring-4  position. 

While  full  biologic  testing  data  are  net  yet  available,  test 
results  obt aired  on  most  of  the  target  drugs  submitted  to  WRAIR  have 
disclosed  no  significant  prophylactic  activity  in  the  lower  dosage  range 
(1  mg/kg).  However,  one  of  the  target  drugs,  2-hydroxy-4-(5- 
ijopropylamlnopentylamino)-l, 5-naphthyridine,  continues  to  afford  protection 
after  seventy  days  at  a  dosage  level  of  10  mg /kg. 


-  2  - 


2.  INTRODUCTION 


The  drugs  presently  available  for  the  treatment  of  malaria  suffer 
from  two  serious  deficiencies.  First,  no  single  agent  is  suitable  for  all 
purposes.  Secondly,  drug  resistant  strains  of  the  parasite  have  evolved  in 
the  early  1960's.  Clearly,  further  developments  in  drug  design  oust  lead  to 
agents  which  possess  pharmacologic  and  chemotherapeutic  properties  which  are 
superior  to  those  presently  available.  The  goals  of  new  synthetic  efforts 
must  be  directed  toward  the  development  of  Agents  which  exhibit  broad  activity 
against  all  life  cycles  of  the  parasite.  In  addition,  they  should  possess 
high  potency,  low  toxicity,  and  a  long  duration  of  activity.  Ideally,  a 
prophylactic  drug  is  sought  for  the  recently  encountered  drug  resistant  stains 
of  the  malaria  parasite. 


With  all  of  the  above  in  mind,  it  is  our  contention 
4-amino-l, 5-naphthyridines , 


that  certain 


should  possess  the  desired  prophylactic  characteristics.  Quinine,  a  classic 
example  of  a  specific  chemotheraupsutic  agent,  incorporates  a  quinoline  ring 
as  a  basic  structural  fragment.  The  qv < noline  nucleus  has,  therefore,  served 
as  a  template  for  biochemists  in  the  design  of  a  wide  array  of  candidate 
antiraalarial  drugs.  Of  the  many  substituent  variations  effected  upon  the 
quinoline  nucleus,  the  4-amino  and  8-amino  substituted  analogs  have  exhibited 
the  greatest  activity  (1).  In  general,  the  4-aminoquinolines ,  e.g,,  chloro- 
quine,  are  schlnzontocidal  agents  whi:h  act  at  the  asexual  erythrocytic  life 
cycle  of  the  malaria  parasite.  By  contrast,  the  8-aminoquinolines ,  as  typi¬ 
fied  by  pamaquine,  are  gametocytocidal  drugs  which  act  against  the  secondary 
exoerythrocytic  stages  and  thereby  destroy  the  sexual  forms  of  the  human 
malaria  parasite  (2) .  Derivatives  of  the  4 -amino-1, 5-naphthyridines  should, 
therefore,  exhibit  an  enhanced  antimalarial  activity,  since  they  are  iso- 
steres  of  both  the  4-  and  8-aminoquinolines.  This  supposition  has  been 
confirmed  by  an  early  report  in  the  literature  that  4-(4-diethylamino-l- 
methylbu tylamino) -1 , 5-naphthyr idine , 

CH3 

CH2CH2NEt2 


was  found  to  exhibit  an  antlmalarial  activity  comparable  to  quinine  itself 
(3,4).  Moreover,  recent  reports  in  the  literature  have  disclosed  signifi¬ 
cant  antimalarisi  activity  for  the  4-amino-l,5-naphthyridines  which  are 
substituted  with  alkoxy  groups  in  both  the  2-  and  6-ponitions  (2)5).  In 
our  research,  wc  sought  to  expand  upon  the  derivatives  of  4-amino-l,5- 
naphthyridine  currently  available  in  an  effort  to  produce  an  optimum  drug. 
The  results  of  our  synthetic  studies  for  this  year  are. fully  discussed  'in 
the  text  of  this  report. 
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3.  SYNTHESIS-RESULTS  AND  DISCUSSION 


Our  synthetic  efforts  for  this  year  have  been  concentrated  on  the 
preparation  of  the  target  6-alkoxy  (A),  2-alkoxy  (B) ,  and  2,6-dialkoxy"4- 
amino-l,5-naphthyridine  analogs  (C)  shown  below. 


NH-R'  NH-R'  NH-R’ 


R'  ■* 


ch3 

-CH(CH2)3NEt2 

-(ch2)5nhch(ch3)2 


(Pamaquine  Side  Chain) 
(Pentaquine  Side  Chain) 


C«3 

-CH(CH2)3NH2  (Primaquine  Side  Chain) 


In  the  three  main  subsections  below,  we  have  described  the  syn¬ 
thetic  progress  attained  this  year  with  respect  to  the  preparation  of  these 
thtv>.e  general  classes  of  candidate  antiraalarial  drugs. 

3.1  6-Alkoxy-4-Amino-l , 5-Naphthyridines 

In  the  course  of  our  synthetic  studies  in  the  title  area  for  this 
year,  we  have  prepared  target  derivatives  of  the  following  general  structure. 


RO 


r  =  ch3,  ch3ch2,  ch3(ch2)3,  cf3ch2 

CH3 

R'  =  CH(CH2)3NEt2,  -(CH2)5NHCH(CH3)2 
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Two  basic  synthetic  routes  were  employed  to  prepare  the  target 
derivatives  depicted  above.  The  first,  the  classical  ethoxymethylenemalonic 
ester  (EMME)  procedure,  is  explained  in  Section  3.1.1  immediately  below. 

The  second  synthetic  route,  a  modified  EMME  procedure,  is  fully  discussed 
in  Section  3.1.2,  and  has  afforded  target  structures  which  were  unattainable 
via  the  conventional  EMME  technique.  Finally,  in  Section  3.1.3  we  have  in¬ 
cluded  a  discussion  of  the  preparative  chemistry  of  a  6-alkoxy~3-carboalkoxy- 
4-hydroxy-l,5-naphthyridine  specifically  requested  by  WRAIR  personnel. 

3.1.1  Conventional  EMME  Procedure 


The  title  synthetic  route  to  the  target  6-alkoxy-4-amino-l,5- 
naphthyri dines  is  based  upon  the  highly  established  ethoxymethylenemalonic 
ester  (EMME)  procedure  which  has  been  successfully  applied  for  the  formation 
of  a  vast  number  of  quinoline  antimalarials  ( 6_ ) .  Goldberg  was  the  first  to 
apply  this  procedure  for  the  formation  of  6-alkoxy-4-amino-l,5-naphthyridines 
(5).  The  essential  features  of  this  synthetic  procedure  are  outlined  in 
Scheme  1  below. 


Scheme  1 

Conventional  EMME  Route  to  6-Alkoxy  Analogs 


In  the  following  subsections,  we  have  fully  delineated  a  descrip¬ 
tion  of  the  preparative  chemistry  of  each  of  the  precursors,  intermediates, 
and  target  derivatives  prepared  this  year  in  accord  with  Scheme  1. 

2-Alkoxy-5-Nitropyridir.es 

The  2-alkoxy-5-nitropyridines  which  were  prepared  this  year  are 
included  in  Table  1  at  the  end  of  this  section  along  with  their  physical 
constants  and  full  analytical  data. 

The  2-ethoxy-,  2-n-butoxy-,  2-n-decyloxy-,  2-(2,2, 2-trif luoro- 
ethoxy)-,  and  2-benzyloxy-5-nitropyridines  were  prepared  by  analogy  to  the 
general  procedure  as  reported  by  Friedman  (7) . 


r  =  ch3ch2,  ch3(ch2)3,  ch3(ch2)9,  cf3ch2,  o-  CH2 


In  essence,  the  appropriate  sodium  alcoholate  was  prepared  in 
situ,  and  die  commercially  available  2-chloro-5-nitropyridine  added  as  a 
solid  at  room  temperature.  The  reaction  was  then  driven  to  completion  by 
heating  to  65-85°  for  several  hours.  After  filtration  of  the  sodium 
chloride,  solvent  was  removed  under  reduced  pressure  to  afford  the  crude 
2-alkoxy-5-nitropyridines.  Pure  2-n-butoxy-5-nitropyridine  was  obtained 
in  high  yield  by  vacuum  distillation.  The  remaining  2-alkoxy-5-nitro- 
pyridines  were  obtained  as  analytically  pure  solids  by  recrystallization  of 
the  crude  residua  from  warm  methanol.  The  infrared  spectrum  of  2-n-decyloxy 
5-nitropyridine  (Figure  1)  is  representative  of  this  group  and  exhibits  the 
appropriate  aromatic  nitro  group  absorptions  near  6.5  and  7.5  p  (8) . 


Figure  I.  lnfrared  spectrum  of  2-n-decyloxy-5-nitropvridirse  Inujol  mulj). 


The  preparation  of  2-(p-chloroLcnzyloxy)-5-nitropyridine  initially 
rented  some  synthetic  difficulties.  Preparation  of  the  sodium  salt  of 
p-chlorobenzyl  alcohol  in  refluxing  toluene  solution,  followed  by  the 
aV  '.tion  of  2-chloro-5-nitropyridine  did  not  lead  to  product  formation  even 
t.t He  refluxed  for  several  days.  Presumably,  self-condensation  of  p-chloro- 
b'.nsyl  axcohol  was  effected  during  the  formation  of  its  sodium  salt.  Also, 
no  product  was  observed  in  the  reactions  of  p-chlorobenzyl  alcohol  itself 
with  2-chloro-5-nitropyridine  in  either  refluxing  tetrahydrofuran  or  methanol 
solution,  and  with  or  without  sodium  methoxide  as  catalyst.  An  attempt  to 
generate  the  sodium  salt  of  p-chlorobenzyl  alcohol  by  the  addition  of  this 
alcohol  to  one  mole-equivalent  of  sodium  methoxide  in  methanox  was  unsuccess- 
full.  The  addition  of  2-chloro-5-nitropyridine  to  this  mixture  lead  to  a 
nearly  quantitative  yield  of  2-methoxy-5-nitropyridine  (NP-1)  after  the 
usual  work-up. 

The  preparation  of  the  desired  2- (p-chlorobenzyloxy)-5-nitropyridine 
was  finally  effected  according  to  the  following  procedure.  Solid  p-chlorobenzyl 
alcohol  was  added  portionwise  to  a  suspension  of  sodium  ethoxide  in  tetra¬ 
hydrofuran  at  room  temperature.  The  metathetical  reaction  was  completed  by 
slowly  heating  this  mixture  to  50°  and  maintaining  this  temperature  for 
several  hours.  Solid  2-chloro-5-nitropyridine  was  then  added  portionwise 
at  room  temperature,  and  the  fixture  refluxed  for  about  three  hours. 


+  NaCl 


After  filtration  of  the  sodium  chloride,  an  excess  of  methanol 
was  added  to  the  THF  filtrate,  and  2-(p-ehlorobenzyloxy)-5-nitropyridine 
separated  from  solution  as  a  light  tan  powder  in  ca.,  24%  yield.  The 
analytical  sample  (Table  1)  was  obtained  as  a  colorless  solid  from  methanol- 
charcoal.  The  proton  spectrum  is  reproduced  in  Figure  2  and  is  clearly  in 
accord  with  the  structure  as  formulated.  The  following  peak  assignments 
have  been  made: 

0.92x  (1H,  d,  ring  H-6) ;  1.65x  (1H,  q,  ring  H-4);  2.63x  (4H,  s, 
p-Cl  ring);  3.14x  (1H,  d,  ring  H-3) ;  4.55x  (2H,  s,  OCH.) ;  Ji  /.  = 

9.0  Hz;  and  J4<6  =  2.9  Hz.  * 


m - - —  y  ...  . y.-mtih-y  _ , _ ».t  , 


Proton  spectrum  of  2-(p-chlorobenzyloxy)-5-nitropyridine 

(cdci3). 


Figure  2. 


5-Amino-2-methoxypyridine  was  commercially  available  and  was  used 
as  received.  Each  of  the  six  remaining  2-alkoxy~5-nitropyridines  were  con¬ 
veniently  reduced  to  the  corresponding  amine,  employing  iron  and  acetic  acid 
in  refluxing  methanol-water  solution. 


Fe,  HOAc 
H20,  MeOH,  A 


r  =  ch3ch2,  ch3(ch2)3,  ch3(ch2)9,  cf3ch2, 

a 


This  general  procedure  was  reported  by  Friedman  (7) ,  and  worked 
well  in  each  case.  Completion  of  the  reaction  was  conveniently  monitored 
by  a  change  in  the  reu-tion  mixture  color  from  brown-gray  to  a  deep  black. 
After  work-up  (see  experimental)  the  ethoxy  analog  was  judged  to  be  suf¬ 
ficiently  pure  for  the  next  step  and  was  used  crude.  The  n-butoxy  and 
n-decyloxy  derivatives  were  characterized  as  their  dihydrochlorides 
(Table  2) t  and  the  analytical  data  for  the  other  free  bases  are  also  in¬ 
cluded  in  Table  2.  The  proton  spectra  for  the  2,2,2-trifluoroethoxy  and 
p-chlorobenzyloxy  analogs  are  reproduced  in  Figures  3  and  4,  respectively. 


Figure  3.  Proton  spectrum  ot  5-amino-2-(2 , 2 , 2-t r i f luoroethoxy )pyr id ine  (neat) 


5-Amino-2-Alkoxypvridines 
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6-Alkoxy-2-Pvridylamlnomethvlenemalonates 

The  title  derivatives  which  were  prepared  and  characterized 
this  year  are  included  in  Table  3  along  with  their  physical  constants  aad 
full  analytical  data.  In  essence,  the  appropriate  amine  (free  base)  was 
added  to  diethyl  ethoxymethylenemalooate  and  the  mixture  heated  to  100 
to  drive  off  the  ethanol  produced  in  the  condensation. 


+  EtOCH  = 


C{C02Et)2 


10Q° 

1  Hour 


RO^N 


NHCH  =  C-(C02Et)2  +  EtOH 


R  «  ch3,  ch3ch2,  ch3(ch2)3,  ch3cch2)9,  cf3ch2, 


\-CH2,  Cl- 


\-CH„ 


Presumably,  this  reaction  involves  a  Michael  addition  of  the 
amine  Allowed  by  the  thermal  elimination  of  ethanol.  All  of  the  products 
listed  above  slowly  solidified  after  cooling  to  room  temperature  an  wer 
isolated  in  nearly  quantitative  yields.  Most  were  quite  dark  in  the  crude 
state,  however,  all  could  be  obtained  as  white  solids  after  r®c^8JJlli  a, 
tion.  The  proton  spectrum  for  the  ethoxy  analog  is  reproduced  in  » 

and  clear- ly  discloses  the  characteristic  downfield  shifts  for  th*  vinyl 
*1.66  T,  d)  and  amino  protons  (-1.14  X,  d).  The  proton  spectra  for  each  of 
the  remaining  analogs  were  quite  similar  as  evidenced  for  that  of  the 
benzyloxy  analog  (Figure  6) . 


Figure  5.  Proton  spectrum  of  diethyl  6-ethoxy-3-pyridylaminomethylene- 
malonate  (CDClg) . 


Figure  6.  Proton  spectrum  of  diethyl  6-benzyloxy-3-pyridylaminomethylene 
malonate  (CDCl7) . 
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The  infrared  spectrum  for  the  p-chlorobenzyloxy  analog  (Figure  7) 
is  also  typical  for  all  of  the  methylenemalonate  precursors  prepared  this 
year.  Both  carbonyl  absorptions  overlap  and  are  present  near  5.8  p.  In 
addition,  the  enhanced  vinylic  absorption  is  present  as  a  strong  peak  near 
6.1  p  (8). 
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Presumably,  cyclization  of  the  methylenenalonic  ester  could  occur 
at  either  the  2-  or  the  4-position  of  the  pyridine  nucleus.  The  resulting 
products  could,  therefore,  be  either  a  1,5-  or  a  1, 7-naphthyridine. 


The  almost  total  insolubility  of  these  derivatives  in  any  common 
solvent  has  precluded  proton  spectral  measurements.  However,  as  Goldberg 
has  pointed  out  (5) ,  the  electron  density  at  c-2  in  3-aminopyridine  is 
higher  than  at  C-l  as  shown  by  chlorination  to  2-chloro-3-aminopyridine 
in  90%  yield  (9) .  Moreover,  the  Skraup  cyclization  with  3-aminopyridine 
leads  to  predominant  reaction  at  C-2  (10) .  Since  the  cyclization  step 
is  essentially  an  attack  of  the  cationoid  group  upon  the  pyridine  nucleus, 
the  point  of  attack  must  be  governed  by  the  relative  electron  density  at 
C-2  and  c-4.  These  products  should,  therefore,  be  the  1,5-naphthyridines. 
Also,  as  disclosed  later  in  this  report,  proton  spectral  measurements  taken 
of  more  soluble  derivatives  of  these  esters  are  in  complete  accord  with  the 
1,5-naphthyridine  nucleus  to  the  complete  exclusion  of  the  1,7-isomer. 

The  remaining  derivative  in  Table  4,  2-carbethoxy-4-hydroxy-6- 
methoxy-l,5-naphthyridine  (NI-2)  was  prepared  according  to  the  procedure 
described  by  Goldberg  (5).  Condensation  of  5-amino-2-methoxypyridine  with 
ethyl  ethoxyalylacetate  (11)  in  the  presence  of  acetic  acid,  and  cyclization 
of  the  resulting  acrylate  ester  afforded  NI-2  in  moderately  high  yield. 
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This  intermediate  was  prepared  in  view  of  Goldberg's  report  that 
decarboxylation  of  the  acid  produced  from  the  3-isomer  proceeded  only  in 
low  yields  (5) .  However,  as  we  have  demonstrated  this  year  (vide  infra), 
decarboxylation  of  the  acid  derived  from  NI-2  was  also  rewarding.  The 
corresponding  6-methoxy-4-amino-l,5-naphthyridines  were  finally  prepared 
via  an  alternative  synthetic  route  (see  Section  3.1.2). 


COCH-CH 


aiiAaiiindikMit mhTTo  >i'‘hii  'i 
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FigurelO.  Infrared  spectrum  of  3-carboxy-4-hydroxy-6-(2,2,2-trifluoroethoxy) 
1,5-naphthyridine  mono-hydrate  (nujol  mull) 


Figure  11.  Infrared  spectrum  of  6-n-butoxy~3-carboxy-4~hydroxy- 
1,5-naphthyridine  (nujol  mull) 


3-Carboxy-l,  S-Naphthyridines 
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)  A  second  sample  was  recryscallized  twice  from  ethanol  and  dried  at  100  (0.10  mm) 
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4-Hydroxy-  and  4-Chloro-l,5-NaphtnyridineB 

The  next  step  involved  in  the  synthetic  route  as  shown  in  Scheme  1 
involved  the  thermal  decarboxylation  of  the  acids  discussed  in  the  preceding 
section.  This  decarboxylation  was  effected  in  refluxing  diphenyl  ether  solu¬ 
tion. 


R  =  CH„ 


ch3ch2,  ch3(ch2)3>  ch3(ch2)9,  cf3ch2. 


Each  of  the  acids  were  added  to  the  refluxing  phenyl  ether  solu¬ 
tion  as  quickly  as  possible,  and  the  evolution  of  carbon  dioxide  was  readily 
apparent  (effervescence).  After  the  addition  was  completed,  the  solutions 
were  heated  for  only  five  to  ten  additional  minutes  before  quickly  cooling 
to  room  temperature.  The  crude  products  separated  from  solution  and  were 
isolated  by  adding  heptane  and  filtering.  The  hydroxy  analogs  which  have 
been  characterized  to  date  are  included  in  Table  6  at  the  end  of  this  sec¬ 
tion.  The  infrared  spectra  for  both  the  pure  6-n-butoxy-  and  6-(2,2,2- 
trifluoroethoxy)-4-hydroxy-l,5-naphthyridines  (recrystallized  from  ethanol) 
are  reproduced  in  Figures  12  and  13,  respectively. 


Figure  12.  infrared  spectrum  of  6-n-butoxy-4~hydroxy-L, 5-naphthyr idine 
(nujol  mull) 
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Figure  13.  Infrared  spectrum  of  4-hydroxy-6-(2,2,2-trifluoroethoxy)- 
i  ,5-naphtliyridine  (nuiol  mull) 


It  is  to  be  emphasized  that  the  infrared  spectra  for  both  of  these 
derivatives  (when  pure)  exhibited  no  carbonyl  absorptions  near  6.0  y.  This 
is  to  be  contrasted  with  the  spectra  of  the  crude  4-hydroxy  derivatives 
derived  from  the  remaining  naphthyridine  acids  listed  above.  In  all  cases, 
a  prominent  band  near  6.0  y  was  present  which  strongly  suggests  that  trans¬ 
location  of  the  6-alkoxy  group  from  the  ether  linkage  to  the  ring-5  nitrogen 
atom  had  occurred  concurrently  with  the  decarboxylation. 


While  we  have  not  as  yet  been  able  to  isolate  pure  samples  of 
these  transformation  products,  the  succeeding  step  of  Scheme  1  as  applied 
to  the  crude  materials  has  afforded  derivatives  which  lend  credence  to  this 
supposition  (vide  infra).  Also,  decarboxylation  of  3-carboxy-4-hydroxy-6- 
methoxy-l,5-naphthyridine  (NI-7)  could  not  be  effected.  Moderately,  violent 
erruptlons  were  noted  with  the  portionwise  addition  of  this  acid  to  the  hot 


diphenyl  ether.  As  fully  dijcussed  in  Section  3.1.2,  however,  our  use  of  an 
alternative  synthetic  procedure  has  allowed  us  to  circumvent  these  difficul¬ 
ties. 


The  conversions  of  the  purified  6-alkoxy-4-hydroxy-l,5-naphthyridines 
to  the  corresponding  4-chloro  analogs  were  conveniently  effected  in  refluxing 
phosphorus  oxychloride  solution.  The  reactions  which  have  afforded  char- 
acterizable  derivatives  are  illustrated  b»low. 


R  «*  CH3(CH2)3,  CF3CH2 


Both  products  were  isolated  in  moderately  high  yields,  and  the 
analytically  pure  examples  (Table  6)  were  obtained  by  recrystallization  from 
pentane  at  -70°.  The  infrared  spectra  typically  displayed  few  characteristic 
bands  other  than  the  aromatic  absorptions.  The  proton  spectra,  however, 
were  consistent  solely  with  the  1 , 5-naphthyridine  ring  nucleus  as  formulated 
(Figures  14  and  15) .  The  two  A2B2  doublets  in  the  aromatic  region  clearly 
differentiate  these  products  from  any  1,7-naphthyridine  which  conceivably 
could  have  been  formed  in  the  thermal  cyclization  of  the  3-pyridylamino- 
methylenemalonates . 


Figure  14.  Proton  spectrum  of  6-n~butoxy-4-chloro-l,5-naphthyr<dine 

(cci4) 


_ 


Figure  15.  Proton  spectrum  of  4-chloro-6-(2,2,2-trifluoroethoxy)- 
1 , 5-naph  thy r id ine  (CDC1 ^ ) • 

As  mentioned  earlier  in  this  section,  the  crude  4-hydroxy  analogs 
which  exhibited  an  absorption  near  6.0  p  were  assumed  to  be  mixtures.  This 
has  been  experimentally  verified  in  the  chlorination  reactions  performed 
upon  them  to  date. 


With  the  crude  6-ethoxy-4-hydroxy  analog,  a  50:50  mixture  of  the 
4,6-dichloro-l,5-naphthyridine  and  the  6-ethoxy-4-chloro-l,5-naphthyridine 
was  produced  (see  Experimental).  With  the  benzylexy  analogs,  only  the 
4,6-dichloro-l,5-naphthyridine  was  observed.  As  illustrated  hy  the  equation 
above,  a  plausible  source  of  Che  4,6-aichloro-l,5-naphthyridine  1*5  the 
N-alkyl-naphthyridone  structure  by  analogy  to  similar  reactions  in  tne 
quinoline  series  (12) .  The  proof  of  structure  for  the  4 ,6-dichloro-i,5- 
naphthyridine  rests  upon  its  physical  and  spectral  properties  as  well  as  its 
formation  via  an  unambiguous  synthetic  route  (see  Section  3.1.2). 


(a)  Theory  for  Cl  =  13.50;  Found  =  13.15 
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6-Alkoxy-4-Amino-l,5-Naphthyridines 

As  disclosed  earlier  in  Scheme  1,  the  final  step  in  the  classical 
EMME  synthesis  involves  displacement  at  the  4-position  in  the  4-chloro-6- 
alkoxy-l,5-naphthyridine  intermediates  by  the  primary  amino  group  of 
selected  diamines. 


This  year,  we  have  prepared  several  target  structures  which  con¬ 
tain  both  the  pamaquine  and  pentaquine  side  chains.  A  summary  of  the 
physical  constants  and  analytical  data  for  the  target  compounds  prepared 
via  their  route  are  included  in  Table  7  at  the  end  of  this  section;  a  dis¬ 
cussion  of  their  preparative  chemistry  is  included  below.  Also,  near  the 
beginning  of  our  research,  Walter  Reed  personnel  expressed  interest  in 
securing  analogs  which  incorporate  the  primaquine  side  chain  (containing 
a  primary  terminal  amine  function) .  A  discussion  of  our  primary  synthetic 
approach  to  these  derivatives  is  also  included  below. 

The  inclusion  of  the.  pamaquine  side  chain  onto  the  6-n-butoxy- 
and  6-(2,2,2-trifluoroethoxy)-4-chloro-l,5-naphthyridines  was  effected 
essentially  as  Goldberg  has  described  for  the  butoxy  analog  (5) .  The 
appropriate  4-chloro  derivative  was  added  to  an  excess  of  novaldiamine  and 
a  catalytic  quantity  of  copper-bronze  at  room  temperature.  The  substitution 
reaction  was  then  effected  by  heating  to  180-190°  for  eighteen  hours. 


CH3 

+  NH2CH(CH2)3NEt2 


Cu(Sn)  ^ 
180-190° 

18  hrs. 


CH3 

» 


N 

NHCH(CH„),NEt0 
,  2  3  2 

f  1 

r*i 

+  HCl 

N 


=  ch3(ch2)3,  cf3ch2 


R 


The  hydrochloric  acid  generated  in  the  reaction  was  neutralized 
by  the  addition  of  an  excess  of  aqueous  base,  and  the  product  and  excess 
amine  were  then  extracted  into  ether.  After  drying  and  removal  of  the 
ether,  the  residual  brown  liquids  were  subjected  to  molecular  distillations. 
The  excess  novaldiamine  was  first  distilled  off  at  a  bath  temperature  of 
ca.,  70-110°  (0.10  mm).  The  desired  target  compounds  were  subsequently 
distilled  at  the  bath  temperature  and  pressure  listed  in  Table  7.  Both 
products  were  obtained  analytically  pure  as  orangish-yellow  oils  in  high 
yield  (70-90%).  The  infrared  and  proton  spectra  for  the  6-(2,2,2-tri- 
fluoroethoxy)-4-(4~diethylamino-l-methylbutylamino)-l,5-naphthyridine 
analog  are  reproduced  in  Figures  16  and  17 , respectively . 

The  infrared  spectrum  (Figure  .16)  clearly  discloses  the  presence 
of  the  aromatic  amino  group  at  3. Ip.  In  addition,  the.  following  assignments 
have  been  made  for  the  proton  spectrum  (Figure  17):  1.57t  (1H,  d,  ring 

H-  );  1.88X  (1H,  d,  ring  H-8);  2.95t  (1H,  d,  ring  H-7) ;  3.49x  (1H,  d,  ring 
H-3);  4.02X  (1H,  d,  N-H) ,  JN_H  c  =  8.1  Hz;  5.15X  (2H,  q,  CH20) ,  JHF  =  8.4 
Hz;  6.30X  (111,  broad  m,  C-H) ;  ).51x  (6H,  q,  N-CH,-)  8.2-9.2X  (13H,  m,  side 


chain  -C^-,  -C^) ;  J23  =  5.1  Hz;  and  Jy  ^ 
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Figure  16.  Infrared  spectrum  of  6-(2,2,2-trifluoroethoxy)-4-(4 
diethylamino- l-methylbutylamino)-l,5-naphthyridine 
(liquid  film) 
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Figure  17*  Proton  spectrum  of  6-(2,2,2-trifluoroethoxy)-4-(4- 
diethylamino- l-methylbutylamino)-l,5-naphthyridine 

(cnci3) 


The  inclusion  of  the  pentaquine  side  chain  onto  the  6-alkoxy-4- 
amino-l,5-naphthyridines  has  also  been  effected  this  year.  Our  initial 
synthetic  route  to  these  derivatives  involved  the  selective  displacement 
of  the  primary  amino  group  of  5-isopropylaminopentylaraine  (13)  on  the 
chlorine  atom  present  in  the  4-chloro-6-alkoxy-l,5-naphthyridines. 
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The  reaction  conditions  and  work-up  were  essentially  the  same  as 
that  discussed  for  the  pamaquine  side  chain  analogs.  Both  products  were 
isolated  as  orange-amber  oils  of  analytical  purity  (Table  7)  in  low  to 
moderate  yield  by  molecular  distillation.  The  infrared  spectrum  of  the 
6-butoxy  analog  is  reproduced  in  Figure  18  and  again  discloses  the  presence 
of  the  N-H  stretching  frequencies  near  3.0  p.  The  proton  spectra  for  both 
the  6-butoxy-  and  6-(2,2,2-trifluoroethoxy)-  analogs  are  reproduced  in 
Figures  19  and  20,  respectively.  Of  particular  importance  is  the  fact  that 
the  N-H  resonance  is  present  as  the  predicted  broad  triplet  near  3.8  T. 

Also,  the  presence  of  only  one  isopropyl  doublet  near  9.0  t  conclusively 
proves  that  the  point  of  attachment  of  the  pentaquine  side  chain  is  solely 
at  the  primary  amino  group.  Presumably,  the  greater  steric  requirements 
necessary  for  reaction  at  the  secondary  amino  group  of  their  diamine  leads 
t„  exclusive  attack  by  the  primary  amine  function.  This  is  in  agreement 
with  'larbell’s  supposition  (not  conclusively  proven)  that  only  the  primary 
amino  group  of  3-isopropylaminopropylamine  reacted  at  the  4-position  present 
in  4,7-dichloroouinoline  (14) . 


Figure  18.  Infrared  spectrum  of  6-n-butoxy-4-(5-isopropylarainopentylamino)- 
1,5-naphthyridine  (liquid  film) 
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Our  initial  attempts  to  prepare  stable,  crystalline  salts  of 
these  6-alkoxy-4-amino-l,5-naphthyridine  derivatives  were  fought  with 
difficulties.  No  crystalline  hydrochlorides,  sulfates  or  phosphates  could 
be  isolated.  In  one  run,  a  crystalline  citrate  of  the  6-butoxy  analog 
was  observed.  However,  upon  workup,  this  salt  proved  to  be  very  hygro¬ 
scopic  and  quickly  turned  into  a  waxy  solid.  This  is  in  agreement  with 
Adam's  report  that  a  structurally  similar  4-amino-l,5-naphthyridine  would 
not  form  an  isolable  hydrochloride,  hydroiodide,  phosphate  or  citrate  (4) . 
Two  of  the  products  did,  however,  form  stable  crystalline  dipicrates. 

The  physical  constants  and  analytical  data  for  these  salts  are  included  in 
Table  7.  It  is  to  be  emphasized  that  the  dipicrates  included  in  Table  7 
were  utilized  for  characterization  purposes  only.  We  did  not  send  them 
for  biologic  testing  in  view  of  the  well-known  toxicity  of  picrate  salts. 
In  our  later  research,  we  had  much  greater  success  in  preparing  well 
characterizable  g-resorcylates  which  contain  a  biologically  acceptable 
gegen-ion  (15) .  Accordingly,  the  0-resorcylate  salts  of  both  trifluoro- 
ethoxy  analogs  were  prepared  by  the  slow  addition  of  an  ether  solution  of 
g-resorcylic  acid  to  the  free  bases  in  ether  solution  at  room  temperature. 


The  precipitated  salts  were  then  isolated  by  filtration.  It 
should  be  noted  that  the  filtrations  had  to  be  conducted  under  a  nitrogen 
atmosphere  since  the  salts  were  mildly  hygroscopic  during  workup.  After 
washing  several  times  with  ether  and  then  drying  under  reduced  pressure, 
however,  both  products  were  isolated  as  white  solids  which  did  not  exhibit 
any  deliquescent  properties.  Full  analytical  data  are  included  in  Table  7 
and  the  infrared  spectrum  for  ths  6-(2,2,2-trifluoroethoxy)-4-(5-isopropyl 
aminopentylamino)-l,5-naphthyridine  di-g-resorcylate  is  reproduced  in 
Figure  21. 
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Figure  21.  Infrared  spectrum  of  6-(2,2,2-trifluoroethoxy)-4-(5-iso- 

propylaminopentylamino) -1 , 5-naphthyridine ,  di-$-r esor cylate 
(nujol  mull) . 


The  last  two  intermediates  listed  in  Table  7  were  prepared  in 
conjunction  with  our  studies  directed  at  the  inclusion  of  the  primaquine 
chain  chain  onto  these  6-alkoxy-4-araino-l,5-naphthyridines.  The  prepara¬ 
tion  of  4-amino-6-n-butoxy-l, 5-naphthyridine  (NI-24)  could  be  effected 
only  through  the  intermediary  of  the  4-phenoxy  analog- 
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In  our  hands,  the  pure  4-amino-6-n-butoxy-l,5-naphthyridine 
(heptane-charcoal)  melted  about  ten  degrees  higher  than  reported  in  the 
literature  (5).  The  proton  spectrum  for  this  intermediate  is  reproduced 
in  Figure  22.  The  two  4-amino  protons  are  present  as  the  broad  resonance 
near  4.55  x. 


Figure  22.  Proton  spectrum  of  4-amino-6-n-butoxy-l,5- 
naphthyridine  (CDCl^) . 

In  a  preliminary  attempt  to  introduce  the  primaquine  side  chain 
onto  NJ.-24,  we  reacted  this  amine  with  one-half  mole-equivalent  of  2-bromo- 
5-phthalimidopentane  (16)  in  accord  with  the  usual  technique. 
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ch3(ch2)30 


ch3 

nhch(ch2)3nh2 


A 


♦ 


After  the  standard  work-up  (see  Experimental),  the  sole  isolable 
product  proved  to  be  the  hydrochloride  salt  (NI-35)  of  the  4-amino-6-n- 
bu toxy-1 , 5-naph thy r id ine  starting  material  (NI-24).  Since  this  procedure 
for  the  introduction  of  the  primaquine  side  chain  onto  the  4-amino-l,5- 
naphthyridines  has  proven  unrewarding,  we  are  presently  employing  alterna¬ 
tive  procedures  as  reported  in  the  literature  (17) . 


Table  7  (Cont'd.) 
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3.1.2  Modified  EMME  Procedure 

As  explained  in  detail  in  the  preceding  section,  our  use  of  the 
conventional  EMME  (ethoxymethylenemalonic  ester)  procedure  by  analogy  to 
Goldberg's  work  (5)  did  not  prove  to  be  generally  applicable.  The  major 
complicating  factor  was  the  failure  to  induce  thermal  decarboxylation  in 
several  of  the  intermediate  1,5-naphthyridiae  carboxylic  acids.  While 
target  derivatives  could  be  obtained  via  the  conventional  EMME  procedure, 
the  more  biologically  interesting  analogs  (6-alkoxy  substituent  =  methoxy, 
ethoxy,  benzyloxy)  were  unattainable.  In  this  section,  we  have  reported 
our  use  of  an  alternative  synthetic  route  for  the  introduction  of  alkoxy 
functionality  into  the  6-position  of  the  4-amino-l,5-naphthyridines.  The 
use  of  this  alternative  synthetic  procedure  has  already  provided  deriva¬ 
tives  of  the  o-alkoxy-4-amino-l,5-naphtliyridines  which  could  not  be  ob¬ 
tained  via  the  classical  technique. 

The  essential  feature  of  this  alternative  synthetic  procedure 
involves  the  synthesis  of  4,6-dichloro-l,5-naphthyridine, 

Cl 


as  a  key  intermediate.  Selective  reaction  at  the  6-position  of  4,6- 
dichloro-l,5-naphthyridine,  followed  by  displacement  of  the  4-chlorine  by 
diamines  provides  a  viable  route  to  the  target  6-alkoxy-4 -amino-1, 5- 
naphthyridines. 


In  the  subsections  below,  we  have  included  a  description  of  the 
naphthyridine  precursc-s,  intermediates,  and  target  drugs  prepared  via  this 
alternative  synthetic  procedure. 


~7T ' jH|jP*t!W|i  l'W%.  »  ’ 


-  49  - 


Starting  from  the  commercially  available  2-chloro-5-nitropyridine, 
3-amino-6-chloropyridine  (NP-25)  was  prepared  via  the  reported  technique 
employing  iron  in  water  solution  (18) .  We  have  noted  that  greatly  increased 
yields  can  be  achieved  in  this  reduction  by  running  the  reaction  at  100° 
instead  of  the  lower  temperatures  as  reported.  In  the  second  step,  diethyl 
6-chloro-3-pyridylamino-methylenemalonate  (NP-26)  was  obtained  in  nearly 
quantitative  yield  by  reaction  of  3-amino-6-chloropyridine  with  ethoxymethy- 
lenemalonic  ester.  The  proton  spectrum  of  pure  NP-26  is  reproduced  in  Figure  23, 
and  is  clearly  in  accord  with  the  structure  as  formulated. 


Figure  23.  Proton  spectrum  of  diethyl  6-chloro-3-pyridylaminomethylene- 
malonate  (CDCl^) 

In  the  next  step,  thermal  cyclization  to  the  1,5-naphthyridine 
did  not  proceed  as  straightforward  as  depicted  in  Scheme  2.  Instead,  a 
mixture  of  at  least  three  different  components  was  observed. 


0 

NHCH-C-fCOEt) 


2 


As  shown  above,  to  date  we  have  succeeded  in  separating  the 
predicted  6-chloro  ester  (NI-25)  and,  somewhat  surprisingly,  the  6-hydroxy 
ester  (NI-26)  in  roughly  equivalent  yields  of  30%.  A  possible  explanation 
for  the  formation  of  the  6-hydroxy  ester  is  the  following.  An  intermediary 
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6-ethoxy  ester  (formed  by  reaction  of  the  ethanol  produced  in  the  cyclization 
with  the  6-chloro  ester.  NI-25)  is  cleaved  at  the  ether  linkage  in  the 
presence  of  the  hydrogen  chloride  at  250°.  The  third  component,  an  intract¬ 
able  brown  powder,  has  presently  eluded  all  attempts  at  its  characterization. 
The  infrared  spectra  for  the  6-chloro  and  6-hydrcxy  esters  are  reproduced  in 
Figures  24  and  25,  respectively.  As  seen  for  the  6-hydroxy  ester  (Figure  25) 
the  shoulder  at  5.93p  is  consistant  with  the  predicted  tautomeric  keto 
structure  which  should  be  preferred  in  the  solid  state  (19) . 


4000  3000  2000  1500  CM’1  1000  900  800  700 


Figure  24.  Infrared  spectrum  of  3-carbethoxy-6-chloro-4-hydroxy- 
1,5-naphthyridine  (nujol  mull). 


Figure  25.  Infrared  spectrum  of  3-carbethoxy-4,6-dihydroxy-l,5~ 
naphthyridine  (nujol  mull) . 
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While  either  of  these  two  esters  (NI-25  or  NI-26)  could  be 
carried  through  the  remaining  steps  in  Scheme  2  to  afford  the  key  inter¬ 
mediate,  we  have  first  chosen  to  prove  the  applicability  of  this  route  with 
the  6-chloro  ester  (NI-25).  Accordingly,  the  hydrolysis  of  the  ester  group 
of  NI-25  was  conducted  in  normal  sodium  hydroxide  at  reflux. 


"^1 


OH  0 


IN  NaOH 
100°, 45  min. 


OH  ° 


In  this  saponification  step,  heating  was  continued  for  as  short 
a  period  as  possible  to  avoid  complications  arising  from  concurrent  hydrol¬ 
ysis  of  the  6-chlorine  atom.  The  product,  3-carboxy-6-chloro-4-hydroxy-l,5- 
naphthyridine  (NI-27)  was  then  conveniently  isolated  by  acidification  of 
the  reaction  medium.  The  i: frared  spectrum  for  this  acid  is  reproduced  in 
Figure  26,  and  discloses  the  predicted  carbonyl  absorption  at  5.92p 
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Figure  26.  Infrared  spectrum  of  3-carboxy-6-chloro-4-hydroxy-l, 5- 
naphthyridine  (nujol  mull) . 

In  the  next  step  of  Scheme  2,  thermal  decarboxylation  of  this 
acid  was  first  attempted  in  refluxing  diphenyl  ether. 
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At  this  stage,  we  noted  that  while  some  decarboxylation  occurs, 
higher  temperatures  are  required  since  a  substantial  carbonyl  peak  at 
5.9  p  was  observed  in  the  crude  product.  We  have  recently  noted  that  this 
decarboxylation  can  be  driven  to  completion  by  running  the  reaction  in 
nujol  at  280-300°.  In  the  succeeding  step  as  shown  in  Scheme  2,  reaction 
of  the  crude  6-chloro-4-hydroxy-l,5-naphthyridine  with  refluxing  phosphorus 
oxychloride  afforded  the  key  intermediate,  4,6-dichloro-l,5-naphthyridine, 
in  low  yield  after  the  usual  work-up. 


OH  Cl 

poci3 

Reflux*” 


The  analytical  data  for  this  dichloro  derivative  are  included  in 
Table  8.  The  proton  spectrum  is  reproduced  in  Figure  27  and  was  identical 
to  the  analytic!  sample  (see  Experimental) .  The  presence  of  four  sets  of 
doublets  at  low  field  is  consistent  solely  with  the  structure  as  formulated. 
The  small  peak  near  7.8  x  is  a  solvent  impurity  and  was  not  present  in  the 
analytical  sample. 


Formation  of  6-Alkoxy-4-Chloro-l,5-NaphthyrldineB 

The  succeeding  step  as  delineated  in  Scheme  2  above,  the  intro¬ 
duction  of  alkoxy  functionality  into  the  6-position  of  4 ,6-dichloro-l,5- 
naphthyridine,  was  then  conducted  in  the  following  manner.  A  mixture  of 
4,6-diciiloro-l,5-naphthyridine  and  one  mole-equivalent  of  sodium  methoxide 
was  slowly  brought  to  reflux.  The  rapid  appearance  of  a  suspension  of  the 
inorganic  by-product  served  as  a  clear  indication  for  the  completion  of  the 
reaction. 


NaOCH3 

CH30H,  Reflux' 


+  NaCl 


Solvent  was  then  removed,  and  the  resultant  solid  sublimed  at 
80-100°  (0.04  mm)  to  afford  analytically  pure  (Table  8),  4-chloro-6-methoxy- 
1,5-naphthyridine  as  a  white  powder  in  88%  yield.  The  proton  spectrum  for 
this  intermediate  is  reproduced  in  Figure  28,  and  clearly  demonstrates  that 
the  methoxy  group  has  b<_en  selectively  introduced  into  the  ring-6  position 
to  the  complete  exclusion  of  attack  at  the  4-position.  In  addition  to  a 
methoxy  singlet  present  at  5.9  T,  the  four  doublets  observed  at  1-3  T  are 
characteristic  for  a  4,6-disubstituted-l,5-naphthyridlne.  Also,  the 
resonance  of  the  ring-7  hydrogen  (2.9  t)  has  shifted  upfield  from  the 
corresponding  proton  in  the  starting  material  (2.3  t) .  The  magnitude  of 
this  shift  agrees  well  with  the  0.6  T  upfield  shift  observed  for  the  ring-3 
proton  upon  substitution  of  a  methoxy  group  for  the  2-chlorine  atom  present 
in  2,4-dichloro-l,5-naphthyridine  (2).  Also,  the  chemical  shift  of  the 
corresponding  ring-7  hydrogen  atom  present  in  6-n-butoxy-4-chloro-l,5- 
naphthyridine  (3.0  r)  confirms  the  point  of  attachment,  since  this  analog 
was  prepared  via  an  alternative  and  unabiguous  procedure  as  described  in 
Section  3.1.1. 
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Figure  28.  Proton  spectrum  of  4-chloro-6-methoxy-l,5~naphthyridine  (CDCl^) 


To  date,  we  have 
the  corresponding  reaction 


confirmed  the  generality  of  this  procedure  by 
employing  ethoxide  as  the  attacking  nucleophile. 


NaOEt 

CB3CH2°  -&  ]) 

+  NaCl 

EtOH,  A 

The  product,  4-chloro-6-ethoxy-l,5-naphthyridine  (NI-29),  was 
isolated  in  high  yield,  and  its  proton  spectrum  is  reproduced  in  Figure  29. 
This  material  exhibited  both  physical  and  spectral  characteristics  identi¬ 
cal  to  the  product  obtained  via  the  conventional  EMME  route  (see  Experimen¬ 
tal).  However,  as  has  been  previously  discussed,  a  complication  of  the 
latter  route  proved  to  be  the  generation  of  a  difficulty  separable  mixture 
of  both  4-chloro-6-ethoxy-l,5-naphthyridine  (NI-29)  and  4 ,6-dichloro-l,5- 
naphthyridine  (NI-23). 


(50:50  Mixture) 


(d>  Theory  for  Cl  =  18.22;  Found  =  17.90 
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6-Alkoxy-4-Amino-l , 5-Naphthyridines 

The  title  derivatives  which  were  prepared  via  our  modified  EMME 
procedure  are  included  in  Table  9  at  the  end  of  this  section  along  with 
their  physical  constants  and  full  analytical  data. 


The  reaction  of  both  4-chloro-6-methoxy-l, 5-naphthyridine  (NI-28) 
and  4-chloro-6-ethoxy-l, 5-naphthyridine  (NI-29)  with  5-isopropylaminopentyl- 
amine  (13)  was  conducted  employing  an  excess  of  the  diamine  as  solvent  at 


+  nh2(ch2)5nhch(ch3)2 


The  potassium  carbonate  served  as  an  acid  scavenger  for  the 
hydrogen  chloride  generated  in  the  reaction  which  conceivably  could  catalyze 
the  migration  of  the  alkyl  groups  from  the  ether  linkage  to  the  ring-5 
nitrogen  (2).  Both  products  were  isolated  in  50-60%  yields  by  molecular 
distillation.  The  analytical  data  are  included  in  Table  9  at  the  end  of 
this  section,  and  the  proton  spectra  for  both  the  6-methoxy-  and  6-ethoxy- 
products  (NT-11  and  NT-12)  are  reproduced  in  Figures  30  and  31  respectively. 
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Figure  30.  Proton  spectrum  of  6-methoxy-4-(5~isopropylaminopentylamino)- 
1, 5-naphthyridine  (CDCl^). 
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Figure  31.  Proton  spectrum  of  6-ethoxy-4-(i'-isopropylaminopentylamino)- 
1, 5-naphtnyridine  (CDCl^) • 


As  we  have  discussed  previously  in  this  report,  the 
appearance  of  a  broad  triplet  near  4.0t  for  the  4-amino  proton  coupled  with 
a  clean  doublet  near  9.0t  for  the  isopropyl  group  proves  that  the  point 
of  attachment  of  the  pentaquine  side  chain  is  as  formulated.  The  noticeable 
shoulder  at  8.86t  on  the  isopropyl  doublet  in  the  6-ethoxy  derivative 
(Figure  ol) ,  however ,  may  be  ascribable  to  a  slight  impurity  of  the  side-chain 
retroisomev .  At  present,  we  cannot  discount  this  possibility.  Also,  the 
presence  of  noticeable  absorptions  near  6. Op  in  the  infrared  spectra  of 
the  forecuts  of  these  molecular  distillations  may  be  a  result  of  alkyl  group 
migration  from  the  6-position  to  the  ring-5  nitrogen  as  discussed  above. 


Conversion  of  both  NT-11  and  NT-12  to  their  di-8-resorcylate 
salts  was  conducted  in  ether  at  room  temperature.  Experimentally,  a  slight 
excess  of  fr-resor<:ylic  acid  in  ether  solution  was  slowly  added  into  a  solu¬ 


tion  of  the  analytically  pure 


free  bases 
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NH(CH2)5NHCH(CH3)2 

in  ether  at  room  temperature. 
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Both  products,  NT-13  and  NT-14,  immediately  separated  from  solution 
and  were  isolated  as  analytically  pure,  white  solids  after  filtration,  washing 
with  ether,  and  drying  under  vacuum  at  room  temperature.  The  analytical  data 
are  included  in  Table  9,  and  the  infrared  spectrum  for  the  6-methoxy  salt  is 
reproduced  in  Figure  32.  As  predicted,  the  infrared  spectrum  for  the  6-ethoxy 
salt  was  virtually  superimposible  upon  this  spectrum. 
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Figure  32.  Infrared  spectrum  of  6-methoxy-4-(5-isopropylaminopentylamino) - 
1 , 5-naphthyridine  di- 8  -resorcylate  (nujol  mull). 


The  introduction  of  the  pamaquine  side  chain  was  conducted  in  an 
analogous  fashion.  Both  4-chloro-6-methoxy-l, 5-naphthyridine  (NI-28)  and 
4-chloro-6-ethoxy-l, 5-naphthyridine  (NI-29)  were  reacted  with  an  excess  of 
2-amino-4-diethylaminopentane  at  160°  in  the  presence  of  a  catalytic  quantity 
of  copper-bronze. 


RO 
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Cl 
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CH3 

n»2CH(CH2) 3NEt2 


Cu(Sn) 
160°, 
18  hrs. 


CH3 

nhch(ch2)3neu2 


ch3,  ch3ch2 


In  both  instances,  it  was  noted  that  considerable  amounts  of 
unreacted  starting  material  were  present  even  after  eighteen  hours  at 
160  .Nevertheless,  both  of  these  products  could  be  isolated  by  molecular 
stillition  in  sufricient  yield  for  biologic  testing.  It  is  of  interest 
to  note  that  the  synthesis  of  the  6-methoxy-4-(4-diethylamino-l-methyl- 
butylamino)-l,5-naphthyridine  (NT-15)  was  originally  attempted  by  Goldberg 
nearly  twenty  years  ago  (5);  however,  difficulties  encountered  in  the  con¬ 
ventional  EMME  procedure  precluded  its  formation.  Full  analytical  data 
for  both  NT-15  and  NT-18  are  Included  in  Table  9,  and  the  proton  spectra 
tor  both  of  these  derivatives  are  reproduced  in  Figures  33  and  34 
respectively.  ’ 


Figure  33.  Proton  spectrum  of  6-methoxy-4-(4-diethylamino-l-methyl- 
butylamino) -1 , 5-naphthyridine  (CDC13). 


Figure  34.  Proton  spectrum  of  6-ethoxy-4-(4-diethylamino-l-methylbutyl- 
amino)-l,5-naphthyridine  (CDCl^) . 

The  di-B-resorcylate  salts  of  both  NT-15  and  NT-18  were  prepared 
via  our  usual  technique  in  ether  at  room  temperature. 
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The  analytical  data  for  both  of  these  derivatives  are  included 
in  Table  9.  The  6-methoxy  analog  (NT-16)  consistently  analyzed  for  a 
mono-hydrate.  Its  infrared  spectrum  is  reproduced  in  Figure  35  and  was 
virtually  superimposible  upon  that  of  the  6-ethoxy  salt  (NT-19). 
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Figure  35.  Infrared  spectrum  of  6-raethoxy~4-(4-diethylamino-l-methyl- 
butylamino)-l,5-naphthyridine  di- B-resorcylate  mono-hydrate 
(nujol  mull). 
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3.1.3 


6-Methoxy-3-Carbomethoxy-4- 


Hydroxy-1 , 5-Naphthyridines 


Early  in  this  program,  we  submitted  several  6-alkoxy-3-carbo- 
ethoxy-4-hydroxy-l,5-naphthyridines  to  WRAIR.  These  compounds  were  pre¬ 
pared  as  intermediates;  however,  the  contract  monitor  pointed  out  the 
similarity  of  these  compounds  to  certain  4-hydroxyquinolines  which  have 
been  recently  reported  to  exhibit  both  suppressive  and  prophylactic  activity 
at  extremely  low  dosage  levels  (15,20) .  It  was  agreed  that  the  6-methoxy-3- 
carbomethoxy-4-hydroxy-l , 5-naphthyr idine , 


OH  0 


would  be  the  most  interesting  member  of  this  class.  Accordingly,  we 
applied  ou.r  synthetic  efforts  to  the  formation  of  this  specific  compound. 

Our  first  approach  involved  the  methanolysis  of  our  previously 
characterized  3-carboxy-4-hydroxy-6-methoxy-l,5-naphthyridine  (NI-7) . 


This  approach  was  abandoned,  however,  since  no  pure  component 
could  be  isolated  from  the  reaction  mixture.  Presumably,  the  high  degree 
of  insolubility  of  the  starting  acid  in  the  reaction  medium  proved  to  be 
the  limiting  factor. 


Our  second  approach  was  more  rewarding,  and  involved  the  use  of 
dimethyl  methoxymethylenemalonate  in  place  of  the  diethyl  ethoxyraethylene- 
malo"ate  in  the  conventional  EMME  synthesis.  This  starting  material  was 


prepared  in  high  yield  according  to  the  procedure  reported  in  the  litera¬ 
ture  (21).  o 

0  0  NanrH  C^Na^'O  ?, 

ii  ii  rcauun,  ,  „  rH  ncorH 

ch3och  +  ch2(coch3)2  ch-oh-^  ►  hc  =  c  *coch3)2  utl3u„  3 

55°  Ph-CH3  * 


Reflux 
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If 

CH30CH=C{C0CH3)2 
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As  predicted,  the  analytically  pure  material  (Table  10)  exhibited 
three  methoxy  singlets  (6.03x,  6.24t  and  6.30t)  in  addition  to  the  vinylic 
singlet  present  at  2.40t  (CDCl^).  The  reaction  of  this  precursor  with  3- 
amino-6-methoxypyridine  was  then  conducted  via  our  standard  procedure. 


ch3o 


0 

+  ch3och=c(coch3)2 


ioq°  r 

1  hr. 


0 

It 

NHCH=C-(COCH3)  2 


+  CH30H 


The  yield  of  crude  product,  dimethyl  6-methoxy-3-pyridylamino- 
methylenemalonate  (NP-28)  was  virtually  quantitative.  However,  it  was 
absolutely  essential  that  this  material  be  extremely  pure  before  conducting 
the  next  step.  The  proton  spectrum  for  the  analytically  pure  material 
(Table  10)  is  -reproduced  in  Figure  36,  and  clearly  exhibits  the  predicted 
resonances. 
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Figure  36.  Proton  spectrum  of  dimethyl  6-methoxy~3-pyridylaminomethylene- 
roalonate  (CDC.l^) . 
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The  cyclization  of  NP-28  was  then  conducted  by  the  slow  addition 
of  this  pure  precursor  into  vigorously  refluxing  diphenyl  ether. 


The  product,  3-carbomethoxy-4-hydroxy-6-methoxy-l, 5-naphthyridine 
(NT-17),  separated  from  solution  in  quantitative  yield  upon  cooling.  The 
analytical  sample  (Table  10)  was  obtained  as  an  off-white  powder  after 
repeated  trituration  with  hot  ethanol.  The  infrared  spectrum  (Figure  37) 
exhibits  two  absorptions  in  the  carbonyl  region.  The  peak  at  5.86p  is 
ascribed  to  the  ester  absorption,  and  the  peak  at  5.97p  may  be  assigned 
to  the  naphthyridone  tautomeric  form  (19) ■ 
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Figure  37.  Infrared  spectrum  of  3-carboinethoxy~4-hydroxy~6~methoxy-l,5- 
naphthyridine  (nujol  mull). 

It  should  be  mentioned  that  when  the  ring  cyclization  was  attempted 
using  either  crude  acrylate  (NP-28)  or  via  direct  heating  of  3-amino-6- 
methoxypyridine  with  dimethyl  raethoxymethylenemalonate  in  diphenyl  ether, 
extensive  decomposition  occurred  to  afford  a  black,  intractable  solid.  The 
use  of  absolutely  pure  acrylate  as  described  above,  however,  proceeded 
without  any  difficulties. 
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In  the  subsections  below,  we  have  discussed  in  turn:  (-1)  the 
procedures  used  to  prepare  the  key  intermediate,  2,4-dichloro-l,5- 
naphthyridine;  (2)  the  formation  of  the  2-alkoxy-4-chloro-l,5- 
naphthyridine  intermediates;  and  (3)  the  preparation  of  the  target  2- 
alkoxy-4-araino-l , 5-naphthyridines . 

3.2.1  Preparation  of  the  Key  Intermediate: 

2 , 4-Dichloro-l , 5-Naphthy r i dine _ 

The  formation  of  the  key  intermediate,  2,4-dichloro-. ,5- 
naphthyridine. 


was  performed  via  two  routes.  The  first  procedure  is  described  immediately 
below  and  essentially  follows  the  method  as  reported  in  the  literature  (23) . 
Our  second,  and  improvised  route  to  this  key  intermediate  involved  a 
Meisenheimer  reaction  as  applied  to  4-chloro-l,5-naphthyridine-l-N-oxide. 
The  latter  route  is  more  alienable  to  side-up  and  is  several  steps  shorter 
than  the  conventional  procedure. 

Conventional  Route  to  2,4- 
Dichloro-1 , 5-Naphthyr idine 

Oakes  and  Rydon  (23)  have  reported  the  formation  of  2,4-dichloro- 
1,5-naphthyr idine  by  a  procedure  which  is  based  upon  the  well-known 
von  Niementowski  synthetic  scheme  (24) .  The  essential  features  of  Oakes 
and  Rydon' s  procedure  are  outlined  in  Scheme  4. 
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Scheme  A 


As  can  be  readily  seen  by  Inspection  of  Scheme  A,  this  route  is 
a  multi-step  procedure.  We  have  also  found  that  many  of  the  steps  involved 
in  Scheme  A  were  no>.  jaenable  to  scale-up.  Nevertheless,  in  the  initial 
stages  of  our  research  we  applied  this  procedure  to  prepare  the  key  inter¬ 
mediate  in  bulk.  Also,  we  deemed  it  highly  necessary  to  fully  characterize 
the  purified  intermediates  at  most  steps  in  order  to  assure  the  integrity 
of  the  2,A-dichloro-l,5-naphthyridine.  he  physical  constants  and 
analytical  data  for  all  of  the  intermediates  char ac ter izoc  in  accord  with 
Scheme  A  are  included  in  Table  11  at  the  end  of  this  section. 


-  73  - 


The  starting  material  in  Scheme  4  is  the  commercially  available 
pyridine-2, 3-dicarboxylic  acid  (quinolinic  acid).  We  have  started  wi^h 
ca,,  2  kg.  of  this  acid  for  the  preparation  of  the  key  intermediate  in 
bulk.  The  preparation  of  quinolinimide  from  quinolinic  acid  was  performed 
as  Sucharda  lias  described  (25).  Purification  of  the  quinolinimide  was 
effected  by  the  improved  procedure  as  reported  in  the  literature  (26) . 

When  purified  via  this  procedure,  the  analytical  sample  (from  acetic  acid- 
charcoal,  Table  11)  melted  eleven  degrees  higher  than  Sucharda  has  reported. 

The  Hoffman  degradation  of  the  quinolinimide  was  performed  as 
Oakes  has  described  (27) .  This  reaction  could  only  be  conveniently  carried 
out  at  the  lOOg  level  (of  quinolinimide)  in  the  laboratory,  and  many  runs 
were  made.  It  should  be  noted  that  Oakes  has  reported  that  2-aminonicotinic 
acid  is  produced  as  a  by-oroduct  in  this  reaction  (27 ) .  We  have  never 
observed  this  by-product  in  any  of  our  preparations.  In  any  event,  purifi¬ 
cation  of  the  3-aminopicolinic  acid  was  effected  through  the  intermediacy 
of  its  copper  salt. 


(Pure) 


A  sample  of  the  copper  salt  was  washed  with  hot  water,  and 
analytical  data  for  the  dried  salt  are  included  in  Table  11.  Presumably, 
this  salt  exists  in  the  preferred  square  planar  configuration  about  the 
copper  atom.  The  3-aminopicolinic  acid  was  then  liberated  from  its  salt 
by  treatment  with  hydrogen  sulfide.  After  concentration  of  the  water  layer 
followed  by  cooling,  the  3-aminopicolinic  acid  separated  from  solution  as 
a  light  beige,  crystalline  solid  in  low  yield.  Final  purification  was 
effected  by  recrystal] laation  from  water  and  drying  at  110  .  Again,  it 
should  be  noted  that  the  analytically  pure  ac<d  (Table  11)  melted  about 
10-15  higher  than  reported  in  the  li  erature  (27_,28_)  •  The  infrared 
spectrum  of  the  pure,  dry  acid  is  reproduced  in  Figure  38. 
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Figure  38.  Infrared  spectrum  of  3-aminopicolinic  acid  (tu.jol  mull) 

It  should  be  noted  that  this  acid  exists  as  its  internal 
zwitterlonic  salt,  and  that  only  the  carboxylate  absorption  near  6.5p  is 
observed.  Any  of  the  isomeric  2-aminonicotinic  (commercially  available) 
would  exhibit  a  carbonyl  absorption  near  5.8u.  We  deemed  it  highly 
important  to  prepare  3-aminopicolinic  acid  in  a  very  pure  state.  This 
is  particularly  true,  since  Roller  has  reported  that  the  isomeric  2- 
aminonicotinic  acid  would  produce  a  1,8-naphthyridine  when  subjected  to 
the  further  reaction  steps  (29) .  Separation  of  this  1,8-naphthyridine 
from  the  desired  1, 5-naphthyridine  could  prove  to  be  very  difficult. 

The  ethyl  ester  of  3-aminopicolinic  acid  was  then  prepared  as 
Oakes  has  described  using  concentrated  sulfuric  acid  as  the  reaction 
medium  (27) . 


0  0 


The  pure  ester  (Table  ll)was  obtained  in  40-50%  yield  after 
recrystallization  from  diethyl  ether  and  exhibited  the  reported  melting 
point  (27  ,30) . 
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Cyclization  of  ethyl  3-aminopicolinic  acid  was  then  effected 
according  to  the  von  Niementowski  method  (23 ) . 


The  intermediate  mono-amide  was  separated  from  the  un desired 
N,N'-di-(2-ethoxycarbonyl-3-pyridyl)  malonamide  via  their  selective  solu¬ 
bilities  in  ether.  The  Dieckman  cyclization  of  the  mono-amide  followed 
by  hydrolysis  and  decarboxylation  afforded  2 ,4-dihydroxy-l,5-naphthyridine 
as  a  light  yellow  powder  in  ca.,  60%  yield.  This  product  could  be  obtained 
analytically  pure  (Table  11)  only  after  recrystallization  from  a  large 
quantity  of  hot  water.  The  crude  material,  however,  proved  to  be  suffi¬ 
ciently  pure  for  the  next  step  when  dried  at  110  .  The  infrared  spectrum 
(Figure  39)  is  particularly  striking  and  is  only  in  agreement  with  the 
almost  exclusive  existance  of  this  material  as  its  naphthyridone  tautomer 
in  the  solid  state.  Other  investigators  have  observed  analogous  spectra 
in  similar  systems  (19) . 


Figure  39.  Infrared  spectrum  of  2,/i-dihydroxy-l,5-naphchyridine 
(nujol  mull) 
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Conversion  of  2 ,4-dihydroxy-l,5-naphthyridine  into  the  corre¬ 
sponding  dichloro  compound  was  effected  by  reaction  with  hot  phosphorus 
oxychloride. 

oh  Cl 


Reflux 


1 


The  yield  of  crude  2,4-dichloro-l,5-naphthyridine  was  almost 
quantitative.  Final  purification  was  effected  by  sublimation,  and  the 
analytically  pure  compound  (Table  11)  was  obtained  as  a  sharp  melting  solid 
with  a  heavy,  musty  odor.  The  proton  spectrum  for  this  derivative  is 
reproduced  in  Figure  40.  The  presence  of  three  quartets  (doublet  of 
doublets  for  each  of  the  protons  on  the  B-ring)  and  the  singlet  at  2.3t 
(the  sole  proton  on  the  A-ring)  is  consonant  only  with  a  1,5-naphthyridine 
structure. 
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Figure  40.  Proton  spectrum  of  2 ,4-dichloro-l,5-naphthyridine  (CDCl^) 

As  related  earlier,  we  used  the  procedure  described  above  to 
prepare  2,4-dichloro-l,5-naphthyridine  in  bulk.  However,  a  shorter  and 
much  more  convenient  preparation  of  this  key  intermediate  is  described 
in  the  next  section. 


>*s.  **£ 


.  -  W-  —  ~Q  ’?{T’.'r,*r“,^!w_  ‘ 


-  79  - 


The  product,  4-chloro-l ,5-naphthyridine-l-N-oxide  (NI-39) ,  was 
isolated  in  65%  yield  and  exhibited  a  full  elemental  analysis  (Table  12) 
which  was  solely  consistent  with  the  mono-N-oxide  structure  as  formulated. 
The  same  product  was  also  obtained  employing  either  one  or  two  mole- 
equivalents  of  30%  hydrogen  peroxide  in  acetic  acid  at  40°  or  80°.  Thac 
the  ring-1  nitrogen  atom  has  been  exclusively  oxidized  is  confirmed  by 
comparison  of  the  nroton  spectrum  of  the  4-chloro-l ,5-naphthyridine  start¬ 
ing  material  (NI-38,  obtained  by  recrystallization  from  heptane  and 
sublimation  at  80°)  with  that  of  the  pure  N-oxide  (Figures  41  and  42, 
respectively).  The  H-2  doublet  of  the  4-chloro-l ,5-naphthyridine  has 
shifted  upfield  upon  conversion  to  the  N-oxide.  Also,  the  H-8  doublet  of 
doublets  has  shifted  downfield  while  the  chemical  shift  of  the  H-6  proton 
has  remained  virtually  unchanged. 
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Figure  41.  Proton  spectrum  of  4-chloro-l, 5-naphthyridine  (CDCl^). 

,5  <6  w  ->h  ;r,  ,c  to  <o  to  ft 


I  1 


( ' V vV'jb .■  -AW- '*■  viV  /' '“V 1  M-v.* 


Figure  42.  Proto:  spectrum  of  4-chloro-l  ,5-naphthyridine-l-N-oxide  (CDCl^). 
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The  last  step  in  Scheme  5,  the  Meisenheimer  reaction  as  applied 
to  the  mono-N-oxide,  was  conducted  in  refluxing  phosphorus  oxychloride. 


P0C1„ 


Reflux,  2  Hrs. 


The  dichloro  compound  was  isolated  in  nearly  quantitative  yield 
and  exhibited  physical  and  chemical  properties  idential  to  authentic 
2,4-dichloro-l,5-naphthyridine  (NI-15)  which  we  have  previously  prepared 
via  the  lengthy  procedure  as  described  in  the  preceding  section.  This 
nev;  synthesis  of  2,4-dichloro-l ,5-naphthyridine  is  more  amenable  to  scale- 
up,  and  is  several  steps  shorter  than  the  procedure  as  reported  in  the 
literature  (23) . 


Table  12 


Precursors  to  2,4-Dichloro-l,5-Naphthyridine 


Elemental  Analysis 


— Structure 

M.P.,  °C 

C 

H 

N 

Cl 

103-106 

58.37 

58.37 

3.06 

3.10 

17.02(a) (b) 

17.16 

Theory 

Found 

^  N 
(NI-38) 


Cl 


n 

n 

186-188 

53.20 

2.79 

15.51^ 

53.16 

2.88 

15.38 

N 


I 

0 

(NI-39) 


(a)  Theory  for  Cl  =  21.54;  Found  =  21.23 

(b)  Theory  for  Cl  =  19.63;  Found  =  20.01 
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3.2.2  2-Alkoxy-4-Chloro-l,5- 

Naphthyrldlne  Intermediates 

The  structures  and  analytical  data  of  the  title  derivatives 
which  have  been  characterized  this  year  are  included  in  Table  13  at  the 
end  of  this  section. 

Our  prime  synthetic  approach  to  the  inclusion  of  alkoxy  func¬ 
tionality  into  the  2-position  of  the  1,5-naphthyridine  ring  involved  the 
selective  displacement  of  the  2-chlorine  atom  from  2,4-dichloro-l,5- 
naphthyridine  (NI-15) .  In  essence,  we  centered  our  attention  on  the 
conversions  shown  below: 


Using  an  adaptation  of  the  approximate  quantum  mechanical  treat¬ 
ment  developed  by  Longuet-Higgens  (32) ,  and  subsequently  applied  to 
heterocyclic  chloro-compounds  by  Chapman  (33) ,  it  has  been  calculated  that 
the  2-position  in  2,4-dichloro-l,5-naphthyridlne  should  be  the  more  re¬ 
active  (23,34) .  This  naphthyridine,  therefore,  resembles  the  2,4-dichloro- 
quinolines  rather  than  the  2,4-dichloroquinazolines .  Moreover,  this  pref¬ 
erential  chemical  reactivity  of  the  2-chlorine  atom  present  in  2,4- 
dichloro-l,5-naphthyridine  toward  a  variety  of  nucleophiles  has  been 
experimentally  verified  (2,23) . 

The  preparation  of  4-chloro-2-hydroxy-l, 5-naphthyridine  (NT-17) 
was  effected  as  Oakes  and  Rydon  have  described  (23) .  Accordingly,  2,4- 
dichloro-1, 5-naphthyridine  was  hydrolyzed  under  acidic  conditions  in  reflux¬ 
ing  aqueous  dioxane. 


+  H20  (HC1) 
Cl 


Dioxane 
Reflux,  3  hrs. 


+  HC1 


ABSORBANCE 


The  yield  of  crude  product  was  virtually  quantitative.  The  pure 
4-chloro-2-hydroxy-l, 5-naphthyridine  was  obtained  as  a  colorless,  micro¬ 
crystalline  solid  after  recrystallization  from  ethyl  acetate  (charcoal). 

The  infrared  spectrum  for  this  compound  is  instructive  and  is  reproduced 
in  Figure  43.  The  presence  of  the  strong  absorption  near  6. 0y  is  consistant 
solely  with  the  ns  mthyridone  tautomeric  structure, 


in  the  solid  state.  Other  investigators  have  observed  anau^ous  spectra 
in  similar  systems  (19) . 


Figure  43.  Infrared  spectrum  of  4-chloro-2-hydroxy-l, 5-naphthyridine 
(nujol  mull) 
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.  j  incorporation  of  the  methoxy  group  at  the  2-position  was  effected 

in  accord  with  Cheng  s  technique  (2).  Methanol  reacted  at  the  more  highly 
activated  2-position  of  2,4-dichloro-l,5-r,aphthyridine  under  acidic 
conditions. 


‘N  Cl 


+  ch3oh 


HC1  (anhv.) 
Reflux,  6  hrs. 


W  OCH. 


The  product  4-chloro-2-methoxy-l,5-naphthyridine  was  isolated  in 
ca.  25%  yield  from  heptane.  The  proton  spectrum  (Figure  44)  conclusively 
establishes  the  methoxy  attachment  at  the  2-position.  The  resonance  for 
the  lone  proton  on  the  A  ring  is  present  as  the  high  field  singlet  at  2.8t. 
Moreover,  the  infrared  spectrum  was  devoid  of  any  carbonyl  absorptions 
which  would  establish  the  presence  of  an  alkyl  group  migration  from  the 
ether  linkage  to  the  nitrogen  atom. 


V . j,«. .  tm  in .  j.o. 


7,<3  ....  .  . 


OCu 


■^1  *  t«-  • 


Figure  44.  Proton  spectrum  of  4-chloro-2-methoxy-l, 5-naphthyridine 
(CDC)3) 
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While  reaction  under  acidic  conditions  worked  well  for  the  in¬ 
clusion  of  the  2-hydroxy  and  2-methoxy  functionalities,  when  this  tech¬ 
nique  was  applied  to  the  formation  of  both  2-(2,2,2-trifluoroethoxy)- 
and  2-(p-chlorobenzyloxy)-4-chloro~l,5-naphthyridine,  no  reaction 
occurred. 


No  Reaction 


Evidently,  conversion  of  the  alcohols  into  the  corresponding 
alkyl  chlorides  took  place  before  any  reaction  with  the  chloro-naphthyridine 
could  occur.  In  any  event,  the  starting  material,  2 ,4-dichloro~l, 5- 
naphthyridine  was  completely  recovered.  Also,  no  reaction  ’->as  observed 
between  2,4-dichloro-l,5-naphthyridine  d  the  pure  alcohols  under  neutral 
conditions.  The  results  obtained  by  re^-tion  under  basic  conditions  were 
more  rewarding  as  explained  below. 

The  sodium  alcoholate  of  2 ,2 ,2-tri  f  luoroethanol  vis  generated 
in  situ  in  tetrahydrofuran  solution  at  room  temperature.  This  solution 
was  then  added  into  a  suspension  of  2,4-dichloro-l,5-naphthyridine,  and  the 
mixture  refluxed  for  four  hours.  After  filtration  of  the  inorganic  salt, 
crude  4-chloro-2-(2,2,2-trifluoroethoxy)-l,5-naphthyridine  (NI-18)  was 
isolated  in  quantitative  yield  after  removal  of  solvent. 


THF 

Reflux, 
4  hrs. 


The  analytically  pure  material  (Table  13)  was  obtained  as  color¬ 
less  crystals  in  71%  yield  after  recrystallization  from  hot  heptane.  The 
proton  spectrum  for  this  intermediate  is  reproduced  in  Figure  45.  The 
singlet  for  the  lone  proton  on  the  substituted  r..ng  is  present  at  2.92  i, 
and  the  resonance  for  the  three  protons  on  the  unsuhstituted  ring  display 
the  typical  splitting  pattern  predicted  for  an  ABC  system  (doublet  of 
doublets  for  H-6,  H-8  and  H-7  at  increasing  field  strength).  For  compara¬ 
tive  purposes,  see  the  isomeric  retroisomer,  4-chloro-6-(2,2,2-trif luoro- 
ethoxy)-l,5-naphthyridir.e  (Figure  15). 


Figure  45.  Proton  spectrum  of  4-chloro-2-(2,2,2-trif luoroethoxv)- 
1 , 5-naphthy ridlne  (CDC13). 


The  preparation  of  2-benzyl oxy-4-chloro-l,5-naphthyridine  was 
performed  by  reaction  of  the  sodium  salt  of  benzyl  alcohol  with  2,4- 
dichloro-1 , 5-naphthyr idine  in  refluxing  tetrahydrofuran. 


The  product,  NI-40,  was  isolated  in  35%  yield  as  described  in  the 
experimental  section.  Its  proton  spectrum  (Figure  46)  is  consistent  with 
the  formulated  structure. 


*  fter  filtration  and  removal  of  solvent,  NI-19  was  obtained  in 
low  yield  (16%)  only  after  careful  fractional  recrystallization  from  hot 
heptane  to  remove  unreacted  starting  materials.  The  proton  spectrum  for 
the  analytically  pure  product  (Table  13)  is  reproduced  in  Figure  47  and  is 
clearly  in  accord  with  the  formulated  structure.  The  aromatic  protons  of 
the  p-chlorobenzyloxy  ring  are  present  as  a  sharp  singlet  at  2.58T,  and  the 
methylene  (-OCIU-)  protons  are  present  as  a  sharp  singlet  at  4.60t  in  the 
correct  intensity  ratio. 


Figure  47.  Proton  spectrum  of  4-chloro-2~ (p-chlorobenzyloxy) -1,5- 
naphthyridine  (CDC1 _) . 


(NI-18) 


Table  13  (Cont’d.) 


23.24;  Found  =  22.98 
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The  details  of  its  preparation  are  as  follows.  The  direct 
reaction  between  4-chloro-2-mcthoxy-l,5-naphthyridine  and  excess  5-isopropyl- 
aminopentylamine  (13)  at  170°  led  to  the  preparation  of  a  mixture  of 
products.  The  presence  of  carbonyl  peaks  near  6. Op  in  the  crude  mixture 
provided  clear  evidence  that  methyl  migration  from  the  ether  linkage  to  the 
adjacent  nitrogen  atom  was  occurring  under  these  conditions.  As  Cheng  has 
pointed  out  for  a  similar  system,  the  hydrochloric  acid  produced  in  this 
reaction  probably  catalyzes  the  alkyl  group  migration  (2,35) .  The  reaction 
was  therefore  conducted  in  the  presence  of  one  mole-equivalent  of  the  acid 
scavenger,  potassium  carbonate. 


After  filtration  of  the  inorganic  salts,  the  crude  reaction 
mixture  was  partitioned  between  ether  and  dilute  aqueous  sodium  hydroxide. 

The  ether  layer  was  then  dried  and  solvent  removed  to  afford  a  brownish 
liquid.  Analytically  pure  (Table  14)  2-methoxy-4-(5-isopropylaminopentyl- 
amino)-l,5-naphthyridine,  NT-4,  was  then  isolated  as  a  yellow-orange 
liquid  by  a  slow,  controlled  molecular  distillation.  The  proton  spectrum 
for  5-Azapentaquine  is  reproduced  in  Figure  48.  The  occurance  of  a  single 
doublet  for  the  isopropyl  group  at  9. Op,  coupled  with  the  appearance  of  a 
clean  triplet  for  the  4-amino  proton  at  3.48x  conclusively  proves  that 
reaction  has  occurred  exclusively  at  the  primary  amino  group  of  5-isopropyl- 
aminopentylamine.  As  discussed  in  detail  previously,  presumably  the 
greater  steric  requirements  necessary  for  reaction  at  the  secondary  amino 
group  of  this  diamine  leads  to  exclusive  attack  by  the  primary  amine  function. 
This  is  in  agreement  with  Tarbell's  supposition  (not  conclusively  proven) 
that  only  the  primary  amino  group  of  3-is op ropylaminopropyl amine  reacted  at 
the  4-position  present  in  4, 7-dichloroquinoline  (141 


Figure  48.  proton  spectrum  of  2-methoxy-4-(5-isopropyiaT/. 'opentylatnino)- 
1,5-naphthyridine  (CDCl,). 


As  disclosed  previously  in  this  report,  we  have  had  co  siderable 
difficulty  isolating  character izable  salts  of  these  4-amino-i ,5-  phthyridines. 
The  hydrochlorides,  sulfates,  phosphates  and  citrates  have  proven  t>  be 
highly  hygroscopic  or  deliquescent  materials.  Isolable  picrates  .  o>  id  be 
prepared,  however,  the  well-known  toxicity  of  picric  acid  salts  obvia'ts 
their  testing  as  candidate  drugs.  We  have  had  greater  success  in  prt ar.’ng 
well  charactenzable  fj-resorcylates  which  contain  a  Diologically  acce.  value 
gegen-ion  (15) .  Accordingly,  the  (3-resorcylate  salt  of  2-methoxy-4-(5- 
isopropylaminopentylamino)~l,5-naphthyridlne  was  prepared  by  the  slow  addi¬ 
tion  of  an  ether  solution  of  (3-resorcylic  acid  to  the  free  base  in  ether 
solution. 
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The  precipitated  salt  was  then  simply  isolated  by  filtration-  It 
should  be  noted  that  the  filtrations  had  to  be  conducted  under  a  nitrogen 
atmosphere  since  the  salt  was  mildly  hygroscopic  under  work-up.  After 
drying,  however,  the  salt  did  not  exhibit  any  deliquescent  properties. 

The  analytical  data  for  the  precipitated  salt  (Table  14) revealed  the 
presence  of  a  single  £ -resorcylate  anion.  The  same  analysis  was  obtained 
even  when  an  excess  of  the  acid  was  used.  The  infrared  spectrum  for  this 
derivative  is  reproduced  in  Figure  49. 
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Figure  49.  Infrared  spectrum  of  2-methoxy-4-(5-isopropylaminopentylamino)  - 
1 , 5 -naph thy r i d ine  3 -resorcylate  (nujol  mull) . 


The  reactions  of  4-chloro-2-hydroxy-l,5-naphthyridine  (NI-17) 
with  diamines  were  also  investigated  this  year.  While  the  4-chlorine  atom 
present  in  this  precursor  has  been  reported  to  be  particularly  unreactive 
with  regard  to  displacement  with  aromatic  amines  (23) ,  we  have  found  to 
the  contrary  that  NI-17  reacted  well  with  both  2-amino-5-diethvlam.  no¬ 
pentane  and  5-isopropylaminopentylaraine.  We  first  elected  to  react  NI-17 
wit).  2-amino-5-diethylaminopentane  (novaldiamine)  as  a  route  to  the 
pamaquine  side  chain  analog.  Experimentally,  4-chloro-2~hydroxy-l,5- 
naphthyridine  was  reacted  with  excess  novaldiamine  in  the  presence  of  a 
catalytic  quantity  of  copper-bronze  for  eighteen  hours  at  180°. 


After  the  usual  work-up  procedure,  2-hydroxy~4-(4-diethylaraino-l- 
methylbutylamino)-l,5-naphthyridine  (NT-6)  was  isolated  as  a  high  boiling 
gum  which  quickly  solidified  after  purification  by  molecular  distillation. 
The  analytical  sample  (Table  14)  was  obtained  as  a  white  solid  (m.p.,  95-96°) 
after  recrystallization  from  ether  (charcoal) -pentane.  The  infrared  spectrum 
for  this  derivative  is  reproduced  in  Figure  50.  The  strong  absorption  near 
6. Ip  clearly  indicates  that  this  material  exists  as  its  naphthyridone 
tautomer, 


in  the  solid  state.  This  spectrum  should  be  compared  with  that  of  the 
starting  material,  4-chloro-2-hydroxy-l, 5-naphthyridine  (Figure  43).  Also, 
the  proton  spectrum,  Figure  51, is  in  complete  accord  with  the  structure  as 
formulated.  The  strong  upfield  shift  of  the  H-3  singlet  (4.22t)  upon  sub¬ 
stitution  of  an  amino  group  for  a  chlorine  atom  is  readily  apparent. 


ABSORBANC 
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Figure  50.  Infrared  spectrum  of  2-hydroxy-4-(4-diethylaminc~l-methyl- 
butylamino)-l,5-naphthyridine  (nujol  mull). 


Figure  51.  Proton  spectrum  of  2-hydroxy-4-(4-diethylamino-l-raethy]- 
butylamino) -1,5-naphthyridine  (CDCl^) . 
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The  inclusion  of  the  pentaquine  side  chain  onto  2-hydroxy-4-amino- 
1,5-naphthyridine  has  also  been  effected  via  essentially  the  same  procedure. 


+  NH2(CH2)5NHai(CH3)2 


Cu(Sn) 

180°,  18  hrs. 


nh(ch2)5nhch(ch3)2 


f  T 

rxi 

+  HC1 

Li 

N  OH 

In  this  instance,  the  isolation  of  the  product,  2-hydroxy-4- 
(5-isopropylaminopentylamir.o) -1, 5-naphthyridine  (NT-7),  was  much  simpler. 
After  neutralization  of  the  reaction  mixture  with  aqueous  base,  the  addition 
of  ether  to  the  two  phase  system  immediately  precipitated  NT-7  as  an  off 
white  solid.  After  recrystallization  from  te trahydro f uran  (charcoal) -ether; 
the  analytical  sample  was  obtained  as  a  white  solid.  The  proton  spectrum, 
Figure  52,  revealed  a  clean  doublet  for  the  isopropyl  methyl  groups  at  8.98t 
in  addition  to  a  broad  triplet  for  the  ring  amino  proton  (3.42r).  There  is, 
therefore,  little  doubt  that  the  pentaquine  side-chain  is  attached  as 
formulated. 


Figure  52.  Proton  spectrum  of  2-hydroxy-4-(5-isopropvlaminopencylamino)-l,5- 
naphthyridine  (CDCly. 


distillation. 
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2 , 4-Diamino-l ,  5-Naphthyr idlnes 

As  disclosed  in  the  preceding  section,  we  have  prepared  several  of 
the  target  2-alkoxy-4-amino-l,5-naphthyridines  by  the  interaction  of  diamines 
with  our  preformed  2-alkoxy-4-chloro-l.,5-naphthyridines.  We  have  also 
attempted  to  expand  upon  the  derivatives  of  this  class  by  employing  our  pre¬ 
viously  characterized  2-(2,2,2-trifluoroethoxy)-  and  2-(p-chlorobenzyloxy)- 
4-chloro-l , 5-naphthyridines  (NI-18  and  NI-19) . 


=  (ch2)5nhch(ch3)2, 

CH(CH2) 3NEt2 


The  reactions  as  performed  to  date,  however,  clearly  disclose 
that  both  the  4-chlorine  atom,  and  the  2-alkoxy  group  are  displaced  by 
the  excess  of  diamine  present  at  the  elevated  temperatures.  Evidently,  the 
2-alkoxy  bond  in  NI-18  and  NI-19  is  weakened  with  respect  to  displacement 
reactions  by  the  presence  of  strongly  electron  withdrawing  groups.  We  are 
presently  attempting  these  reactions  at  both  lower  temperatures  and  in  the 
presence  of  only  one  mole- equivalent  of  diamines  in  an  effort  to  circumvent 
this  difficulty.  In  any  event,  the  results  attained  to  date  are  explained 
in  detail  below. 


The  reaction  of  2-(2,2,2-trifluoroethoxy)-4-chloro-l,5-naphthyri- 
dine  (NI-18)  with  5-isopropylaminopentylamine  was  conducted  via  our  standard 
technique.  Upon  work-up  of  the  reaction  fixture,  however,  the  sole  isolable 
product  proved  to  be  2,4-di-(5-isopropylaminopentylamino)-l,5-nephthyridine 
(NI-30) . 


+  nh2(ch9)5nhch(ch3)2 

(excess) 


k2co3 


170°,  18  hrs. 


nh(ch2)5nhch(ch3)2 


+  HC1  +  CF3CH2OH 


n  nh(ch2)5nhch(ch3)2 
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This  product  was  isolated  as  a  viscous  oil  in  67%  yield  by 
molecular  distillation.  The  data  upon  which  we  have  based  the  formulated 
structure  include  both  full  elemental  analyses  (Table  15) and  its  proton 
spectrum  (Figure  53).  That  the  trifluoroethoxy  group  has  been  lost  in 
this  product  is  immediately  apparent  by  the  conspicuous  absence  of  a  quartet 
near  5.5t  in  the  proton  spectrum.  In  addition,  two  broad  triplets  are 
observed  near  3.6  and  4.5t  which  can  only  be  attributed  to  the  structure 
as  formulated.  The  low  field  triplet  (3.60T)  can  be  unambiguously  assigned 
to  the  4-amino  proton  of  the  pentaquine  side-chain  by  analogy  to  the  spectra 
of  our  previously  characterized  2-alkoxy-4-amino-l,5-naphthyridines. 

The  remaining  broad  triplet  at  4.50r  is  therefore  attributable  to  the  amino 
proton  of  the  pentaquine  side  chain  which  has  been  introduced  into  the  2- 
positlon. 


Figure  53.  Proton  spectrum  of  2,4-di-(5-isopropylaminopentylamino)- 
1, 5-naphthyridine  (CDCl^) . 

The  corresponding  reaction  of  2-(p-chlorobenzyloxy)-4-chloro-l,5- 
naphthyridine  (NI-19)  with  5-isopropylaminopentylamine  as  conducted  on  a 
test  scale  also  revealed  the  loss  of  the  2-alkoxy  substituent.  Analogous 
results  were  observed  when  NI-18  and  NI-19  were  reacted  with  an  excess  of 
2-amino-5-diethylaminopentane  at  elevated  temperatures  in  an  effort  to 
introduce  the  pamaquine  side  chain  into  the  4-position.  Examination  of 
the  proton  spectra  of  the  crude  products  again  revealed  the  loss  of  the 
2-alkoxy  substituents.  In  both  of  these  cases,  however,  no  pure  component 
could  be  isolated  by  molecular  distillation.  We  therefore  prepared  the 
expected  product,  2, 4-di(4-diethylamino-l-methylbutylamino)~l, 5-naphthyridine, 
via  an  unambiguous  route  for  comparative  purposes.  Our  previously  character¬ 
ized  2, 4-dichloro-l, 5-naphthyridine  (NI-15)  was  reacted  with  2-amino-5- 
diethylaminopentane  via  our  standard  procedure. 
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The  reaction  proceeded  well  as  indicated,  and  analytically  pure 
2,4-di-(4-diethylamino-l-methylbutylamino) -1, 5-naphthyridine  (NI-32)  was 
isolated  in  ca. ,  60%  yield  by  molecular  distillation.  The  proton  spectrum 
is  reproduced  in  Figure  54,  and  exhibits  the  predicted  broad  doublets  at 
3. 70t  and  4.80x  for  the  4-  and  2-amino  protons  respectively.  Comparison 
of  this  spectrum  with  the  crude  products  from  the  reactions  of  NI-18  and 
NI-19  with  2-amino-5-diethylaminopentane  did  indeed  reveal  that  NI-32  was 
present  in  the  mixture. 


Figure  54,  Proton  spectrum  of  2,4-di-(4-diethylamino-l-methylbutylamlno)- 
1, 5-naphthyridine  (CDC13>. 
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The  3  -resorcylate  sales  of  both  of  these  2,4-diamino-l,5-naphthyr- 
idines  were  prepared  by  the  addition  of  an  excess  of  2 ,4-dihydroxybenzoic 
acid  into  ether  solutions  of  the  analytically  pure  free  bases  (NI-30  and 
NI-32)  in  ether  at  room  temperature.  The  products  immediately  separated 
from  solution,  and  the  empirical  formulae  assigned  to  the  resultant  salts 
(NI-31  and  WI-33)  are  based  upon  the  analytical  data  reported  in  Table  15. 
Duplicate  analyses  performed  on  both  the  same,  and  repetitive  preparations, 
revealed  identical  values  and  are  only  in  agreement  with  the  structures  as 
formulated. 

In  a  second  general  area,  we  currently  involved  with  the  intro¬ 
duction  of  the  primaquine  side  chain  into  these  2-alkoxy-4-amino-l,5- 
naphthyridines .  As  our  first  candidate,  we  are  attempting  the  preparation 
of  the  following  naphthyridine  isostere  (5-aza  analog)  of  primaquine  itself. 


Our  synthetic  approach  to  these  primaquine  side  chain  analogs 
essentially  follows  the  reported  literature  technique  as  discussed  previously 
in  this  report  (16) .  Requisite  in  this  approach  is  the  synthesis  of  4-amino- 
2-methoxy-l,5-naphthyridir.e.  Our  first  approach  to  the  synthesis  of  this 
intermediate  was  patterned  after  Goldberg's  synthesis  of  a  related  4-amino- 
1 , 5-naphthyr idine  (5) . 


As  delineated  in  the  experimental  section,  preformed  4-chloro-2- 
methoxy-l,5-naphthyridine  (NI-16)  was  first  reacted  with  phenol  under  basic 
conditions.  Reaction  of  the  crude  phenoxy  intermediate  with  ammonia  was 
then  conducted  in  molten  ammonium  acetate  at  130°.  Upon  work-up  of  the 
reaction  mixture,  however,  it  was  evident  that  the  second  step  did  not 
proceed,  since  the  unreacted  intermediate  (2-methoxy-4-phenoxy-l,5-napth~ 
thyridine,  NI-34)  was  the  sole  isolable  product.  This  phenoxy  intermediate, 
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NI-34,  was  isolated  as  a  white  solid  after  recrystallization  from  ether- 
pentane.  The  infrared  spectrum  is  reproduced  in  Figure  55  and  clearly 
exhibits  a  strong  phenoxy  absorption  near  8.3  \i. 
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Figure  55,  Infrared  spectrum  of  2-methoxy-4-ph».noxy-l,5-naphthyridine 
(nujol  mull). 


Present  plans  call  for  the  introduction  of  the  4-amino  group 
utilizing  ethanolic-ammonia  under  high  pressure. 
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3 . 3  2,6-Dialkoxy-4-Amino-l,5-Naphthyridine8 

The  title  compounds  which  have  been  proposed  for  synthesis  this 
year  exhibit  the  following  generalized  structure: 


As  outlined  in  our  original  proposal  (22) ,  our  primary  reason  for 
attempting  their  synthesis  rests  upon  the  reasoning  that  these  2,6-dialkoxy- 
4-amino-l,5-naphthyridines  are  the  naphthyridine  isosteres  ("5-aza-8-amino- 
quinolines)  of  the  highly  active  2,6-dialkoxy-8-aminoquinolines, 


reported  by  Blanton  (17c) .  As  Blanton  pointed  out.  Holmes  speculated  that 
the  oxidative  detoxification  of  quinine  by  rabbit  liver,  far  from  indicating 
cs  usually  assumed,  the  advantage  of  blocking  the  2-position  of  quinoline 
antimalarials,  might  equally  well  be  construed  as  an  argument  in  favor  of 
deliberately  introducing  an  oxygen  at  this  position  (42) .  Specifically,  it 
appears  that  substances  which  are  structurally  related  to  the  8-amino- 
quinoline  drugs,  and  which  are  both  quinoline  quinones  and  carbostyrils , 
might  exhibit  a  desirable  combination  of  low  toxicity  and  high  antimalarial 
activity.  The  title  naphthyridines  may,  therefore,  also  lead  to  active 
quinoid  structures  in  vivo  as  depicted  below: 


NH-R'  NH-R' 


The  primary  synthetic  route  we  have  explored  this  year  for  the 
synthesis  of  the  target  2,6-dialkoxy-4-amino>-l,5-naphthyridines  is  out¬ 
lined  in  Scheme  6  immediately  below. 
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Schema  6 

Synthetic  Route  to 
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CH2-(COEt)2 

Dieckmann 
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NaOCH3 


Requisite  in  the  procedure  as  outlined  in  Scheme  6  is  the  efficient 
preparation  of  the  6-alkoxy-3-aminopicolinic  acid  starting  materials. 
Accordingly,  a  major  effort  for  this  year  was  focused  upon  the  development 
of  a  useful  synthetic  route  to  these  precursors.  The  results  of  these 
investigations,  as  well  as  the  additional  intermediates  secured  in  accord 
with  Scheme  6  are  discussed  in  the  subsections  immediately  below. 


3.3.1  Preparation  of  6-Methoxy-3- 
Aminopicolinic  Acid 


As  stated  in  the  introduction  to  this  section,  the  overall  synthe¬ 
tic  scheme  which  we  are  employing  to  prepare  the  target  2,6-dialkoxy-4- 
amino-l,5-naphthyridines  was  outlined  in  Scheme  6.  To  our  knowledge,  however, 
the  requisite  6-alkoxy-3-aminopicolinic  acids, 


0 


The  precursors  shown  in  Scheme  7  which  have  been  fully  char¬ 
acterized  this  year,  are  included  in  Table  16  at  the  end  of  this  section. 

The  initial  conversions  shown  in  Scheme  7,  through  the  formation  of  6- 
chloro-3-nitro-2-picoline  (NP-24) ,  were  performed  essentially  as  described 
in  the  literature  (36,37) .  It  should  be  noted  that  the  nitrogen  analysis 
for  6-amino-3-nilro-2-picoline  (NP-21)  was  consistently,  low.  We  have  no 
rationalization  for  this  result.  Indeed,  the  complete  analysis  for  this 
derivative  was  not  reported  in  the  original  literature  (36,37) .  Never¬ 
theless,  the  spectra,  analyses  and  physical  constants  of  the  ensuing 
derivatives  were  completely  in  agreement  with  the  formulated  structures. 

In  the  next  3tep,  preformed  6-chloro-3-nitro-2-picoline  (NP-24) 
was  reacted  with  sodium  methoxide  in  accord  with  Besley  and  Goldberg's 
procedure  (38)  to  afford  6-methoxy-3~nitro-2-picoline  (NP-29).  This  pre¬ 
cursor  was  obtained  analytically  pure  (Table  16)  as  yellow  needles  after 
recrystallization  from  pentane.  Reduction  of  the  nitro  group  was  then 
conducted  by  the  addition  of  NP-29  to  a  refluxing  mixture  of  water, 
methanol,  acetic  acid,  and  iron  powder.  The  amine  was  not  purified  at  this 
stage,  but  was  directly  converted  into  the  acetamido  derivative  in  nearly 
quantitative  yield  by  reaction  with  acetic  anhydride  in  ether  at  room  tem¬ 
perature.  The  resultant  6-methoxy-3-acetamido-2-picoline  was  converted  into 
the  corresponding  picolinic  acid  with  potassium  permanganate  in  hot  aqueous 
solution.  Both  the  6-methoxy-3-acetamido-2-picoline  and  6-methoxy-3- 
acetamidopicolinic  acid  exhibited  the  reported  melting  points  (39) .  The 
infrared  spectra  for  both  of  these  derivatives  are  included  in  Figures  56 
and  57,  respectively. 


Figure  56.  Infrared  spectrum  of  6-methoxy-3-acetamido-2-picoline 
(nujol  mull) 


Figure  57.  Infrared  spectrum  of  6-meth.oxy-3-acetamidopicolinic  acid 
(nujol  mull) 


The  final  step  in  Scheme  7,  hydrolysis  of  the  acetamido  linkage 
present  in  6-methojfy-3-acetamidopicolinic  acid  was  conducted  by  heating 
for  a  short  period  in  refluxing  2.5  normal  sodium  hydroxide.  After  cooling 
to  room  temperature,  neutralisation  of  the  reaction  mixture  afforded  crude 
6-methoxy-3-aminopicolinic  acid  (NP-30)  as  a  tan  powder  in  moderate  yield. 
Somewhat  surprisingly,  the  analytically  pure  acid  (Table  16) could  be  obtained 
by  high  vacuum  sublimation  at  100-110°.  The  infrared  spectrum  of  this  acid 
is  reproduced  in  Figure  58,  and  is  clearly  in  accord  with  the  formulated 
structure. 
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Figure  58.  Infrared  spectrum  of  6-meth >xy-3-aminopicolir ic  acid 
(nujol  mull) 

While  the  synthesis  as  described  above  affords  a  viable  route 


to  6-methoxy-3-aminopicolinic  acid,  a  somewhat  more  convenient  procedure 
is  described  in  the  next  section  of  this  report. 
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3.3.2  Alternative  Preparation  of 

6-Methoxy-3~Aminoplcolinic  Acid 

Our  first  synthetic  approach  to  the  preparation  of  6-methoxy-3- 
aminopicolinic  acid  was  described  in  full  detail  in  the  preceding  section. 
However,  many  of  the  steps  involved  in  this  synthetic  route  were  either 
non-scalable  or  involved  the  tedious  separation  of  isomers.  Accordingly, 
this  year  we  have  developed  an  alternative  synthetic  route  to  this  requisite 
precursor  as  outlined  in  Scheme  8.  While  the  use  of  this  procedure  has 
already  afforded  6-nethoxy-3-aminopicolinic  acid,  a  variety  of  6-alkoxy 
substituents  may  also  be  introduced  into  the  pyridine  ring  with  the  use  of 

different  alkoxides  in  the  fourth  step  of  Scheme  8. 

« 

Scheme  8 


Alternative  Synthesis  of 
6-Methcxy-3-Aminopicolinic  Acid 
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Each  of  the  precrusors  listed  In  Scheme  8  which  were  characterized 
this  year  are  included  in  Table  17  at  the  end  of  this  section  along  with 
their  physical  constants  and  full  analytical  data. 

In  the  first  step  of  Scheme  8,  quinoline  acid  was  converted  to  its 
dimethyl  ester  (NP-31)  employing  an  acidic  methanol  reaction  medium  (39) . 

The  next  three  precursors,  dimethyl  quinolinate  N-oxide  (NP-32),  dimethyl 
6-chloroquinolinate  (NP-35),  and  dimethyl  6-irethoxyquinolinate  (NP-35) ,  were 
also  prepared  essentially  as  described  in  the  literature  (40).  The  proton 
spectra  for  NP-35  and  NP— 36  are  reproduced  in  Figures  59  and  60,  respectively. 
While  it  is  possible  that  the  initial  Meisenheimer  reaction  could  lead  to  a 


Figure  59.  Proton  spectrum  of  dimethyl  6-chloroquinolinate  (CDC13) 


Figure  60.  Proton  spectrum  of  dimethyl  6-methoxyquinolinate  (CDC13) 
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Conversion  of  dimethyl  6-methoxyquinolinate  (NP-36)  to  its 
corresponding  bis-amide  (NP-37)  was  effected  in  concentrated  ammonium 
hydroxide  at  room  temperature. 


The  initial  thin  suspension  of  the  diester  gradually  thickened 
over  a  period  of  several  hours  as  the  bis-amide  separated  from  solution. 
The  crude  bis-amide  could  then  be  isolated  in  nearly  quantitative  yield 
by  removal  of  the  solvent  under  a  strong  nitrogen  stream.  The  crude  6- 
methoxyquinolindiamide  thus  obtained  exhibited  an  infrared  spectrum 
virtually  identical  to  the  analytically  pure  product  (Figure  61) . 


Figure  61.  Infrared  spectrum  of  6-methoxyquinolindiamide  (nujol  mull) 


The  next  step,  conversion  of  the  bis-amide  (NP-37)  into  the 
imide  (NP-38),  was  conducted  thermally  by  slowly  heating  the  bis-amide 
to  a  temperature  25°  below  its  melting  point.  The  evolution  of  ammonia 
was  fairly  fast  at  195°  (pH  paper),  and  heating  was  continued  until  no 
further  ammonia  was  given  off. 
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The  crude  imide  was  thereby  obtained  in  nearly  quantitative 
yield.  The  infrared  spectrum  for  the  pure  6-methoxyquinolinimide  (glacial 
acetic  acid)  is  reproduced  in  Figure  62. 
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WAVELENGTH  (MICRONS) 

Figure  62.  Infrared  spectrum  of  6-raethoxyquinolinimide  (nujol  mull) 


The  Hoffmann  degradation  of  6-methoxyquinolinimide  proceeded 
smoothly.  While  none  of  the  isomeric  2-amino-6-me,hoxynicotinic  acid  was 
observed  in  this  reaction,  nevertheless,  the  crude  acid  was  purified  through 
the  intermediacy  of  its  copper  salt  (NP-39) . 


(Pure) 
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An  analytical  sample  of  the  copper  salt  was  prepared  by 
trituration  with  hot  water  and  drying  at  110°.  The  infrared  spectrum  for 
this  salt  is  reproduced  in  Figure  63.  The  pure  3-amino-6-methoxy-picolinic 
acid  was  then  isolated  by  suspending  the  copper  salt  in  water  and  bubbling 
hydrogen  sulfide  through  the  suspension  for  several  hours.  After  filtra¬ 
tion  of  the  copper  sulfide,  removal  of  solvent  afforded  the  acid  in  a  high 
state  of  purity.  The  configuration  of  this  acid  was  confirmed  by  elemental 
analysis  (see  Experimental''  i,  well  as  by  direct  comparison  of  its  physical 
and  spectral  properties  w.i  .r.  the  acid  produced  by  an  unambiguous  route  as 
described  in  the  preceding  section  (NP-30). 


Figure  63,  Infrared  spectrum  of  cupric  3-amino-6-methoxypicolinate 
(nujol  mull) 
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3.3,3  Naphthyrldlne  Intermediates 

At  the  time  this  report  was  written,  we  are  currently  involved  in 
the  final  steps  of  the  synthetic  procedure  as  outlined  in  Scheme  6.  The 
intermediates  which  have  been  characterized  to  date  in  conjunction  with  our 
synthetic  studies  directed  at  the  formation  of  the  target  2,6-dialkoxy-4- 
amino-l,5-naphthyridines  are  included  in  Table  18  at  the  end  of  this  section. 

In  the  first  step  of  Scheme  6,  the  conversion  of  3-amino-6- 
methoxypicolinic  acid  to  its  corresponding  ethyl  ester  was  conducted  employ¬ 
ing  ethanol  and  concentrated  sulfuric  acid  at  reflux. 


EtOH  [H2S04J 
Reflux,  6  hrs.  * 


+  h2o 


The  crude  ester  was  isolat’d  in  60%  yield  and  its  spectral 
properties  were  identical  to  the  analytical  sample  obtained  by  recrystal¬ 
lization  from  heptane  (NP-40,  Table  18).  lhe  appearance  of  a  carbonyl 
absorption  near  6. Op  in  the  infrared  spectrum  of  this  ester  is  noteworthy 
(Figure  64).  However,  the  proton  spectrum  (Figure  65) is  completely  in 
accord  with  the  formulated  structure.  The  appearance  of  a  sharp  methoxy 
singlet  at  6.09T  reveals  that  no  methyl  group  migration  from  the  ring-6 
ether  linkage  to  the  ring  nitrogen  has  occurred  in  this  step. 


Figure  04.  Infrared  spectrum  of  ethyl  6-raethc>xy-3-aminopicolinate 
(nujol  mull) 
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Figure  65.  Proton  spectrum  of  ethyl  6-methoxy-3-aminopicolinate 
(cdci3) 

The  Dieckmann  cyclization  of  ethyl  3-amino-6-methoxy-picolinate 
(NP-40)  was  conducted  by  first  condensing  this  ester  with  diethyl  malonate 
at  195°.  The  intermediary  malonamic  ester  was  not  isolated  but  was 
directly  cyclized  to  the  2,4-dihydroxy-6-methoxy-l,5-naphthyridine. 
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The  overall  yield  of  the  crude  dihydroxy  compound  was  51%.  Its 
infrared  spectrum  is  reproduced  in  Figure  66,  and  the  conspicuous  presence 
of  a  strong  carbonyl  band  near  6. Op  reveals  that  the  tautomeric  naphthyridone 
structure  is  preferred  in  the  solid  state (19).  An  analytical  sample  (NI-36, 
Table  IS)  was  prepared  by  trituration  with  hot  water;  however,  the  crude 
product  was  sufficiently  pure  for  the  next  step  of  this  synthesis. 


4000  3000  2000  1500  CM'1  1000  900  800  700 


Figure  66,  Infrared  spectrum  of  6-methoxy-2, 4-dihydroxy-l, 5- 
naphthyridine  (nujol  mull). 

Conversion  of  the  dihydroxy  compound  to  the  corresponding 
dichloro  derivative  was  conveniently  effected  with  the  use  of  phosphorus 
oxychloride. 


After  workup,  the  analytically  pure  2, 4-dichloro-6~methoxy-l,5- 
naphthyridine  (NI-37)  was  isolated  as  a  white  solid  in  80%  yield.  Its 
proton  spectrum  is  reproduced  in  Figure  67  and  is  clearly  in  accord  with 
the  formulated  structure. 
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Figure  67.  Proton  spectrum  of  2,4-dichloro-6-methoxy-l,5-- 


naphthyridine  (CDCl^) 


At  present,  we  are  currently  involved  with  the  succeeeding 
steps  as  outlined  in  Scheme  6.  The  results  of  these  investigations  will 
be  fully  discussed  in  our  next  annual  report. 
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4.  EXPERIMENTAL 


The  experimental  procedures  used  to  prepare  each  of  the  precursors, 
intermediates  and  target  4-amino-l,5-naphthyridines  which  were  submitted  to 
WRAIR  this  year  are  explained  in  detail  below.  The  synthetic  procedures 
are  listed  numerically  according  to  the  code  designation  assigned  to  each 
compound.  The  Naphthyridine  Precursors  (NP-1  through  NP-43) ,  Naphthyridine 
Intermediates  (NI-1  through  NI-41) .  and  Naphthyridine  Targets  (NT-1  through 
NT-19)  are  included  in  Sections  4.3,  4.4  and  4.5,  respectively. 

4.1  Commercial  Chemicals 


All  chemicals  were  of  reagent  grade  and  were  purchased  from  a 
variety  of  commercial  sources  including  Aldrich  Chemical  Company,  Cedar 
Knolls,  New  Jersey;  Eastman  Kodak  Company,  Rochester,  New  York;  Ace  Scientific 
Supply  Co.,  Inc.,  Linden,  New  Jersey;  Matheson,  Coleman  and  Bell  East 
Rutherford,  New  Jersey;  ICN-K&K  Laboratories,  Inc.,  Plainview,  New  York; 

PCR,  Inc.,  Gainesville,  Florida;  Chemicals  Procurement  Laboratories,  Inc., 
College  Point,  New  York;  Pfaltz  and  Bauer,  Inc.,  Flushing,  New  York; 

Columbia  Organic  Chemicals  Company,  Inc.,  Columbia,  South  Carolina; 
Alfa-Ventron,  Inc.,  Beverly,  Massachusetts;  J.  T.  Baker  Chemical  Company, 
Phillipsburg,  New  Jersey;  and  Matheson  Gas  Products,  East  Rutherford, 

New  Jersey.  All  of  the  starting  materials  were  used  as  received  unless 
otherwise  noted. 

4.2  Physical,  Spectral  and  Analytical  Methods 

Melting  points  were  determined  on  a  Fisher-Johns  melting  point 
apparatus  and  are  uncorrected.  Infrared  spectra  were  stained  on  a  Perkin- 
Elmer  Infracord  Spectrophotomet  r  (Model  137)  using  sodium  chloride  optics. 
Liquid  samples  were  run  as  thin  films  and  solid  derivatives  were  run  as 
nujol  mulls  versus  air.  Proton  NMR  spectra  were  determined  with  a  Varian 
Associates  A--60  spectrometer;  samples  were  either  run  neat  or  in  deutero- 
chloroform  solutions  at  room  temperature.  Chemical  shift  values  are 
expressed  in  tau  (t)  units  versus  internal  tetramethyl  silane  as  standard 
(10.0  x) .  Refractive  indices  were  carried  out  at  20-25°  employing  a  thermo- 
stated  Zeiss  refractometer .  Elemental  analysis  for  carbon,  hydrogen,  nitrogen, 
chlorine  and  fluorine  were  performed  by  the  Analytical  and  Information 
Division,  Esso  Research  and  Engineering  Company,  Linden,  New  Jersey. 

4.3  Naphthyridine  Precursors  (NP-1  through  NP-43) 

2-Alkoxy-5-nitropyrtdlnes  (NP-1  thru  NP-5) 

The  title  precursors  (2-alkoxy  substituent  =  methyl,  n-butyl, 
n-decyl  and  2, 2, 2- trifle''’  nethyl)  were  prepared  as  Friedman  has  described 
in  detail  for  the  n-butoxy  .  nalog  (]) .  After  work-up,  the  n-butyl  deriv¬ 
ative  was  obtained  as  a  distill.'ble  liouid.  The  remaining  three  precursors 
were  obtained  as  solids  alter  removal  of  the  solvent  and  recrystallization 
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of  the  residues  from  methanol  (charcoal).  The  yields  of  the  methyl, 
n-butyl  and  2,2,2-trifluoroetnyl  derivatives  were  ca.,  80%;  the  n-decyl 
compound  was  obtained  in  a  slightly  lower  yield  of  50%.  The  appropriate 
analytical  data  are  included  in  Table  1.  The  2-(p-chlorobenzyoxy)  analog 
was  prepared  via  a  modified  procedure  and  is  explained  in  detail  below. 

Solid  p-chlorobenzyl  alcohol  (93. Og,  0.651  rco~e)  was  added  portionwise 
to  the  suspension  of  sodium  ethoxide  (44. Og,  0.648  mole)  in  12,  of  tetra- 
hydrofuran  at  room  temperature.  The  mixture  was  then  slowly  heated  to  50° 
and  maintained  at  this  temperature  for  about  three  hours.  The  orange 
suspension  was  then  cooled  to  room  temperature,  and  2-chloro-5-nitropyridlne 
(103. Og,  0.650  mole)  was  slowly  added  as  a  solid.  The  moderate  exotherm 
was  controlled  with  the  aid  of  an  external  water  bath.  The  mixture  was 
heated  to  reflux  for  three  hours  and  cooled.  The  brown-orange  reaction 
mixture  was  filtered  and  solvent  removed  from  the  filtrate  to  afford  crude 
product  as  a  brownish  solid.  Pure  2-(p~chlorobenzyloxy)-5-nitropyridine 
was  obtained  in  35%  yield  (60. Og)  by  recrystallization  from  methanol. 
Alternatively,  the  crude  product  could  be  obtained  more  easily  (ca.,  25% 
yield)  by  adding  an  excess  of  methanol  to  the  clear  T11F  filtrate.  The 
analytical  sample  (Table  1)  was  recrystallized  from  methanol  (charcoal) 
and  was  obtained  as  small,  colorless  needles.  The  proton  spectrum  is 
reproduced  in  Figure  2. 


5-Amino-2-Alkoxypyridines  (NP-6  thru  NP-9) 

Friedman's  general  procedure  was  applied  to  the  preparation  of 
these  precursors  (7).  The  overall  yields  of  the  free  amines  ranged  from 
50  to  90%  and  were  not  optimized.  Two  of  these  derivatives  (the  n-butoxy 
and  n-decyloxy)  eluded  analytical  characterization  of  the  free  bases. 

These  two  derivatives  were,  therefore,  converted  in  nearly  quantitative 
yields  to  their  dihydrochlorides  i  ether  and  were  characterized  as  such. 

The  specific  preparation  of  5-amino-2- (p-chlorobenzyloxy)  pyridine  is 
described  below. 

A  mixture  of  methanol  (125g) ,  water  (125g),  glacial  acetic  acid 
(5  ml)  and  iron  powder  (lOOg)  was  heated  to  reflux.  Solid  2-(p-chloro- 
benzyloxy)-5-nitropyridini  (50g)  was  added  slowly  such  that  the  reflux 
returned  to  the  reaction  flask.  The  total  addition  time  was  about  1.5 
hours.  After  refluxing  overnight,  the  mixture  was  present  as  a  deep  black 
suspension.  The  mixture  was  cooled,  and  10  ml.  of  20%  aqueous  sodium 
hydroxide  added  with  stirring.  This  mixture  was  then  filtered,  and  the 
filter  cake  washed  well  with  methanol.  The  combined  filtrates  were  stripped 
on  a  rotary  evaporator  until  all  of  the  methanol  was  removed.  The 
resultant  suspension  was  extracted  with  ether,  and  the  combined  ether  layers 
dried  with  magnesium  sulfate.  After  removal  of  solvent,  the  crude  amine  was 
obtained  as  a  pale  brown,  crystalline  solid  in  65%  yield  (28. 9g).  The 
analytical  sample  (Table  2)  was  obtained  as  colorless  plates  from  ether 
(charcoal) -pentane  and  exhibited  a  sharp  melting  point  of  89-90°.  The 
proton  spectrum  is  reproduced  in  Figure  4,  and  the  following  assignments 
have  been  made.  NMR  (CDC1_):  2.40  T  (1  H,  d,  ring  h-6) ;  2.71  T  (411,  s, 
p-Cl  ring);  3.04  T  (111,  q,  ring  h-4) ;  3.40  T  (1H,  d,  ring  11-3);  4.76  T 
(2Hm  sm  0  Cl-'.,);  6.62  t  (211,  s,  NH2) ;  J3^=8.7  Hz,  and  J4)6=  3.0  Hz. 


1  ^ 


?^!v“i'v2^T 


-  125  - 


Diethyl  6-Alkoxy-3-Pyridylamiromethylenemalonates  (NP-10  thru  NP-13) 

The  title  precursors  were  obtained  in  quantitative  yields  by  the 
following  general  procedure.  The  appropriate  amine  (NP-6  thru  NP-9)  was 
slowly  added  neat  into  one  mole-equivalent  of  diethyl  ethoxymethylene- 
malonate  with  efficient  stirring  at  room  temperature.  The  slight  exotherm 
was  controlled  with  the  aid  of  an  external  water  bath.  The  mixture  was 
then  heated  to  100°  for  one  hour,  and  the  ethanol  produced  in  the  reaction 
was  allowed  to  escape  through  a  short  air  condenser.  After  cooling  to  room 
temperature,  the  crude  products  solidified  upon  standing  for  several  hours. 

In  most  instances,  the  crude  materials  were  sufficiently  pure  for  the  next 
step.  The  analytical  samples  (Table  3)  wore  obtained  by  recrystallization 
from  methanol  (charcoal),  ethanol,  or  isopropanol-pentane. 

Quinolinimide  (NP-14) 

Sucharda's  procedure  was  utilized  for  the  preparation  of 
quinolinimide  (25) .  Quinolinic  acid  (450g,  2.69  mole)  was  added  all  at 
once  to  500g  of  acetic  anhydride.  The  suspension  was  slowly  heated  with 
stirring,  and  acetic  acid  was  distilled  over  a  period  of  about  three  hours. 
When  the  internal  temperature  rose  to  160  ,  the  distillation  was  stopped 
and  the  mixture  cooled  to  100°.  Additional  acetic  anh'/dride  was  then  added 
(240g),  and  the  mixture  cooled  to  100°.  Additional  acetic  anhydride  was 
then  added  (240g) ,  and  the  mixture  coole.u  to  room  temperature  with  stirring. 
Acetamide  (280g,  4.75  mole)  was  quickly  added,  and  the  mixture  maintained 
at  120-125°  overnight.  After  cooling  to  room  temperature,  the  suspension 
was  filtered  to  afford  crude  quinolinimide  as  a  gray-brown  solid.  Purifica¬ 
tion  was  then  effected  according  to  the  improved  procedure  (26) .  The  crude 
product  was  triturated  with  IS,  of  acetic  acid  at  60°,  and  the  filtered  solid 
was  suspended  in  about  2 S.  of  hot  water.  After  filtration  and  air-drying, 
the  quinolinimide  was  obtained  as  a  light  gray-brown  solid  in  44%  yield 
(176g).  The  analytical  sample  (Table  11)  was  obtained  from  acetic  acid 
(charcoal)  and  melted  11-12  higher  than  reported  by  Sucharda  (25) . 

Cupric  3-Aminopicolinate  and  3-Aminopicolinic  Acid 

(NP-15  and  NP-16) _ 

The  title  derivatives  were  prepared  essentially  as  described  in 
the  literature  (27) .  Sodium  hypobromite  was  preformed  by  the  dropwise 
addition  of  bromine  (112g)  Into  an  ice-cold  solution  of  sodium  hydroxide 
(230g  of  50%  soln.)  in  600  ml.  of  water.  The  cold  hypobromite  solution 
was  then  added  dropwise  into  an  ice-cold  solution  of  quinolinimide  (lOOg) 
in  1,800  ml.  of  water  containing  sodium  hydroxide  (400g  of  50%  solution). 

The  total  time  for  the  addition  was  about  three  hours.  The  mixture  was 
then  warmed  to  room  temperature  for  one  hour,  and  then  heated  to  85  for 
an  additional  hour.  After  cooling  to  room  temperature,  the  pH  was  adjusted 
to  5  with  50%  sulfuric  acid  (ca. ,  300  ml).  The  mixture  was  then  cooled  in 
an  ice-bath  for  several  hours:  a  suspension  formed  (mostly  sodium  sulfate) 
which  was  filtered  cold.  The  clear,  light-amber  filtrate  was  warmed  to  room 
temperature  and  vigorously  stirred  while  a  solution  of  cupric  acetate  (40g) , 
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glacial  acetic  acid  (20  ml.)  and  water  (800  ml)  was  added  dropwise.  The 
copper  salt  immediately  separated  from  solution  as  a  blue-gray  suspension. 
This  suspension  was  filtered,  the  salt  washed  well  with  water  and  finally 
vacuum  dried  overnight.  The  crude  yield  of  the  moist  copper  salt  was 
about  130g.  The  analytical  sample  (Table  11)  was  obtained  by  repeatedly 
triturating  with  hot  water  and  drying  at  110°  (0.10  mm)  for  three  hours. 

For  the  preparation  of  3-aminopicolinic  acid,  the  combined 
cupric  3-aminopicolinates  produced  from  275g  of  quinolinimide  (1.86  mole) 
were  suspended  in  about  32.  of  water  at  room  temperature.  Gaseous  hydrogen 
sulfide  was  then  slowly  bubbled  through  over  a  period  of  1.5  hours.  The 
resultant  black  suspension  was  filtered  to  remove  the  cupric  sulfide.  Crude 
3-aminopicolinic  acid  was  isolated  in  several  crops  by  removing  most  of  the 
water  and  cooling.  The  yield  of  the  crude  acid  was  143g  (56%)  after  drying 
at  110°  (0.10  mm)  for  fifteen  hours.  The  analytical  sample  (Table  11)  was 
obtained  as  a  pale  beige,  crystalline  solid  by  recrystallization  from  waterQ 
and  drying  ?t  110°.  The  melting  point  for  this  material  was  was  ca.,  10-15 
higher  than  that  reported  in  the  literature  (28) . 

Ethyl  3-Aminopicolinate  (NP-17) 

The  procedure  of  Oakes  was  employed  to  prepare  the  title  precursor 
(27).  A  suspension  of  3-aminopicolinic  acid  (23. Og,  0.167  mole)  in  sulfuric 
acid  (46g)  and  ethanol  (46g)  was  refluxed  for  a  period  of  about  ten  hours. 
The  resultant  clear,  yellow  solution  was  cooled  to  room  temperature  and 
slowly  poured  onto  200g  of  ice  with  vigorous  stirring.  After  warming  to 
room  temperature,  the  solution  was  brought  to  pH  9  by  the  addition  of  con. 
ammonium  hydroxide  (ca.,  50g).  At  this  point,  a  white  suspension  formed. 

The  suspension  was  repeatedly  extracted  with  ether  (1.32.)  until  only  a 
clear  aqueous  phase  was  present.  The  ether  layers  were  dryed  over  magnesium 
sulfate,  concentrated,  and  cooled  to  afford  analytically  pure  ethyl  3-q 
aminopicolinate  (Table  ll)as  colorless  needles  (11. 9g,  m.  pt.,  131-132  ). 

A  second  crop  was  obtained  to  afford  a  combined  yield  of  61%  (16. 8g). 

2-Ethoxy-5 -nitr opy ridine  (NP-18) 

Solid  sodium  ethoxide  (93.0g,  1.37  mole)  was  dissolved  in  1.72, 
of  absolute  ethanol  at  room  temperature,  and  2-chloro-5-nitropyridlne 
(214. Og,  1.35  mole)  was  added  portionwise  with  cooling.  The  resulting 
mixture  was  stirred  overnight  at  room  temperature  before  heating  to  reflux 
for  three  hours.  After  cooling  to  room  temperature,  the  suspension  was 
filtered  hot.  The  title  product  quickly  separated  from  the  ethanol  during 
the  filtration.  Consequently,  the  filter  cake  was  repeatedly  extracted 
with  hot  methanol  and  filtered  as  quickly  as  possible  while  still  hot.  The 
combined  filtrates  were  evaporated  to  about  one-half  of  their  original 
volume  and  then  cooled.  The  title  product  was  then  isolated  in  several 
crops  as  a  light  tan,  crystalline  solid  in  65%  yield  (148g).  The  analytical 
sample  (Table  1)  was  recrystallized  from  ethanol-charcoal  and  was  obtained 
as  colorless  crystals. 
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3-Amino-6-ethoxypyridine 


A  mixture  of  methanol  (400  ml.),  water  (400  ml.),  glacial  acetic 
acid  (16  ml.)  and  iron  powder  (320g)  was  heated  to  a  gentle  reflux.  Solid 
2-ethoxy-5-nitropyridlne  (147. 5g,  0.876  mole,  NP-18)  was  then  slowly  added 
over  a  period  of  two  hours.  The  rate  of  addition  was  limited  by  the  fairly 
rapid  increase  in  the  reflux  ratio  as  each  nortion  of  the  nitro  compound 
was  added.  The  mixture  was  then  maintained  at  reflux  overnight  before  cooling 
to  room  temperature.  A  20%  solution  of  sodium  hydroxide  (33  ml.)  followed  by 
167  ml.  of  water  was  then  stirred  in  at  room  temperature.  The  black  suspension 
was  filtered,  and  the  filter  cake  washed  repeatedly  with  methanol.  Methanol 
was  stripped  from  the  combined  filtrates  to  afford  a  two-phase  system.  The 
organic  layer  was  extracted  with  ether,  dried  over  magnesium  sulfate,  and 
solvent  removed  under  a  nitrogen  purge.  The  crude  amine  was  obtained  as  a 
brown  oil  in  66%  yield  (80. Og),  and  was  judged  to  be  pure  enough  for  the 
next  step  (vide  infra) . 


Diethyl  6-ethoxy-3-pyridylaminomethylenemalcnate  (NP-19) 


Crude  3-amino-6-ethoxypyridine  (80. Og,  0.578  mole)  was  slowly 
added  neat  to  one  mole-equivalent  of  diethyl  ethoxymethylenemalonate  at 
room  temperature.  The  resultant  thick  slurry  was  then  heated  to  100  and 
maintained  at  that  temperature  for  one  hour.  After  cooling  to  room  tempera¬ 
ture,  the  crude  product  solidified  and  was  obtained  as  a  tan  solid  in 
quantitative  yield.  The  analytical  sample  (Table  3)  was  obtained  as  a 
white,  amorphous  solid  after  recrystallization  from  heptane-charcoal.  The 
proton  spectrum  for  this  precursor  is  reproduced  in  Figure  5. 


Diethyl  6-n-decyl-3-pyridylaminomethyle>;emalonate  (NP-20) 


Preformed  2-n-decyloxy-5-aminopy vidine  (4.80g,  19.2  mmole,  7) 
was  slowly  added  as  a  solid  into  diethyl  ethoxymethylenemalonate  (4.15g, 

19.2  mmole).  A  moderate  exotherm  was  observed,  and  a  brownish  suspension 
formed.  The  mixture  was  then  heated  to  120  for  one  hour  and  the  ethanol 
produced  in  the  reaction  was  allowed  to  escape  through  a  short  air  condenser. 
After  cooling  to  room  temperature,  the  crude  product  quickly  solidified  and 
was  obtained  in  quantitative  yield  as  a  brownish  solid.  The  analytical 
sample  (Table  3)  was  obtained  by  recrystallization  from  pentane  (charcoal) 
and  proved  to  be  a  white,  fluffy  powder. 


6-Amino-3-nitro-2-picoline  (NP-21)  and 


6-Amino-5-nitro-2-picoline  (NP-22) 


The  procedure  as  described  in  the  literature  was  used  to  prepare 
the  title  precursors  (36 ,37 ) .  Molten  6-amino-2~picoline  (25.4gs  0.235 
moles)  was  slowly  added  dropwise  into  120  ml.  of  sulfuric  acid  surrounded 
by  an  ice- bath  (temperature  =  0-5  ).  When  this  very  exothermic  addition 
was  completed,  a  cooled  mixture  of  17.5  ml.  of  sulfuric  acid  and  17.5  ml. 
of  nitric  acid  were  slowly  added  to  the  mixture  maintained  at  0-5  .  Stirring 
was  continued  at  0-5°  for  an  additional  hour  before  warming  to  room  tempera¬ 
ture  and  stirring  overnight.  The  mixture  was  then  heated  to  60  for  one 
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hour  and  finally  to  100°  for  another  hour  before  cooling,  The  contents  of 
the  flask  were  then  slowly  poured  onto  500g.  of  ice.  After  warming  to  room 
temperature,  the  acid  mixture  was  neutralized  to  a  pH  of  5-6  by  the  slow 
addition  of  50%  sodium  hydroxide  (ca.,  260  ml).  The  precipitated  solids 
were  then  quickly  filtered  (before  much  sodium  sulfate  precipitated)  and 
air  dryed  overnight.  The  crude  brown  powder  was  then  slowly  steam  distilled 
until  no  yellow  color  was  observed  in  the  distillate.  The  steam  volatile 
isomer  quickly  separated  from  the  cooled  distillates.  This  product  was  the 
5-nitro  isomer  (NP-22)  which  was  obtained  in  low  yield  as  yellow  needles 
after  recrystallization  from  ethanol  (charcoal)  at  -20°.  The  non-volatile 
isomer  was  obtained  in  a  crude  yield  of  17g  (47%)  by  filtration  of  the 
residual  water.  This  isomer  (6-.iraino-3-nitro-2-picoline,  NP-21)  was  obtained 
in  an  overall  yield  of  14g  as  a  light  yellow  powder  after  recrystallization 
from  ethanol  (charcoal)  at  -20°.  The  analytical  data  of  this  solid  (Table  16) 
repeatedly  exhibited  a  low  value  for  the  nitrogen  analysis. 


6-Hydroxy-3-nltro-2-picoline  (NP-23) 


As  reported  by  Baumgarten  and  Su  (37) ,  6-amino-3-nitro-2-picoline 
(29. 9g,  0.195  mole,  NP-21)  was  slowly  added  at  room  temperature  to  a  mixture 
of  concentrated  sulfuric  acid  (35  ml)  and  500  ml.  of  water.  After  stirring 
for  one  hour  at  25°,  150g.  of  ice  was  added  and  the  mixture  cooled  to  10°. 

A  solution  of  sodium  nitrite  (20g,  0.29  moles)  in  60  ml.  of  water  was  then 
added  dropwise.  Stirring  was  then  maintained  at  10°  for  one  hour.  The 
precipitated  solid  was  then  filtered,  water  washed  and  finally  air-dryed  to 
afford  the  title  precursor  in  a  crude  yield  of  23g.  (77%).  The  analytical 
sample  (Table  16)  was  recrystallized  from  methanol  (charcoal)  and  was  dried 
at  25°  (0.10  mm). 


6-Chloro-3-nitro-2-picoline  (NP-24) 


As  reported  by  Baumgarten  and  Su  (37),  6-hydroxy-3-nitro-2-picoline 
(20. Og,  0.130  mole,  NP-23)  was  added  as  a  solid  into  a  stirred  mixture  of 
phosphorus  pentachloride  (8.0g.)  and  phosphoryl  chloride  (4cc)  at  25°.  The 
thick  mixture  was  then  heated  to  110  for  three  hours  and  then  cooled  to  25  . 
Additional  phosphorus  pentachloride  (5g)  and  phosphoryl  chloride  (5cc)  were 
added  and  the  fluid,  brown  mixture  again  heated  to  110  for  one  hour  before 
cooling.  The  contents  of  the  flask  were  then  slowly  poured  onto  500g.  of 
ice  and  1 Z.  of  water.  The  suspension  was  filtered  and  the  crude  product 
air-dryed  overnight.  After  recrystallization  from  ethanol  (charcoal) ,  the 
title  precursor  was  obtained  as  light  yellow  needles  in  an  overall  yield 
of  49%  (11. Og,  m, pt. ,  52-53°).  The  analytical  data  for  this  sample  are 
included  in  Table  16. 


3-Amino-6-chloropyridine  (NP-25) 


In  accord  with  the  procedure  as  reported  in  the  literature  (18) , 
a  suspension  of  iron  powder  (400g)  in  600  ml  of  water  was  heated  to  90° 
with  stirring.  Note:  Much  higher  yields  of  product  can  be  achieved  by 
running  the  reduction  at  100°.  Solid  2-chloro-5-nitropyridine  was  then 
added  portionwise  over  a  three  hour  period,  and  the  mixture  maintained  at 


this  temperature  for  an  additional  two  ana  one-half  hours.  The  hot 
suspension  was  then  filtered  and  the  cake  repeatedly  washed  with  hot 
water.  The  combined  aqueous  phases  were  then  concentrated  on  a  rotary 
evaporator  and  the  crude  amine  was  isolated  by  filtration  (ca. ,  44g) . 

The  analytical  sample  (Table  8)  was  obtained  from  ether  (charcoal) -pentane. 


Diethyl  6-chloro-3- 


(NP-26) 


Solid  3-amino-6-chloropyridine  (34. Og,  0.265  mole,  NP-25)  was 
slowly  added  to  neat,  diethyl  ethoxymethylenemalonate  (57. Og,  0.265  mole) 
at  room  temperature  with  efficient  stirring.  The  mixture  was  then  heated 
to  100°  for  one  hour  to  drive  off  the  ethanol  produced  in  the  condensation. 
After  cooling  to  room  temperature,  a  tan  crystalline  solid  formed  which 
was  slurried  with  heptane  and  vacuum  dried.  The  crude  acrylate  was  thereby 
obtained  in  91%  yield  (72. Og) .  The  analytical  sample  (Table  8)  was  obtained 
from  hot  heptane  (charcoal)  as  colorless  needles.  The  proton  spectrum  for 
this  product  is  reproduced  in  Figure  23, 


Dimethyl  methoxymalonate  (NP-27) 


In  accord  with  the  literature  procedure  (21) ,  216g  of  25%  sodium 
methoxide  was  diluted  to  500  ml.  with  absolute  methanol.  Dime thy Imalonate 
(114  ml.)  was  then  added  at  room  temperature.  The  suspension  was  then  heated 
to  50°,  and  methyl  formate  (125  ml.)  was  added  dropwise  to  the  clear  yellow 
solution.  The  mixture  was  then  refluxed  for  six  hours  before  cooling  to 
room  temperature.  The  suspension  was  filtered,  the  crude  salt  washed  with 
800  ml.  of  ether,  and  then  dried  under  vacuum  at  room  temperature.  The 
crude  salt  (3  23g)  was  then ‘slurried  in  1SL  of  toluene  at  room  temperature. 
Dimethyl  sulfate  (135  ml)  was  added,  and  the  mixture  refluxed  for  three 
hours.  After  cooling,  the  inorganic  salt  was  removed  by  filtration  and 
solvent  was  removed  from  the  filtrate  by  means  of  a  nitrogen  purge.  The 
residual  liquid  was  then  distilled  under  vacuum  to  afford  the  title  pre¬ 
cursor  of  analytical  purity  (Table  10)  as  a  colorless  liquid  which  slowly 
forms  a  low  melting  solid  (35. Og,  b.p.,  80-95°/2.0  mm,  m.p.  36-39°). 


Dimethyl  6-methoxy-3-pyridylamino- 


methylenemalonate  (NP-28) 


Neat  2-methoxy-5-aminopyridine  (25. Og,  0.20  mole)  was  added  drop- 
"Jse  into  preformed  dimethyl  methoxymethylenemalonate  (34. 8g,  0.20  mole, 
NP-27)  at  40°.  An  exotherm  to  75°  was  noted  during  the  addition,  and  a 
solid  quickly  formed.  The  mixture  was  heated  co  100°  for  one  hour,  cooled 
to  room  temperature,  heptane  added  (200  ml.),  and  the  suspension  refluxed 
for  one-half  hour.  After  cooling,  crude  product  was  isolated  as  a  tan 
solid  in  96%  yield  (51. Og).  The  analytical  sample  (Table  10)  was  obtained 
as  a  fluffy,  white  solid  from  ethanol  (charcoal).  The  proton  spectrum  is 
reproduced  in  Figure  36. 
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In  accord  with  the  procedure  as  reported  in  the  literature  (38) , 
solid  6-chloro-3-nitro-2-picoline  (15. Og,  87.1  mmole,  NP-24)  waa  added  to 
a  solution  of  37g.  of  25%  sodium  methoxide  in  a  total  of  60  ml  of  methanol 
at  room  temperature.  The  mixture  was  then  heated  to  70-75°  for  one  hour, 
cooled,  and  poured  into  500  ml.  of  cold  water  with  stirring.  The  crude 
product  was  then  obtained  as  a  brown  powder  in  a  crude  yield  of  70%  (10. 2g) 
after  drying  at  room  temperature.  The  analytical  sample  (Table  16)  waa 
obtained  as  yellow  needles  from  pentane  (charcoal). 


6-Methoxy-3-Aminopicolinic  Acid  (NP-30) 


Solid  6-methoxy-3-acetamidopicolinic  acid  (6.0g,  26.1  mmole, 

38)  was  added  into  48  ml.  of  2.5N  sodium  hydroxide  at  room  temperature. 
The  mixture  was  then  heated  to  reflux  for  thirty  minutes  and  then  cooled 
to  room  temperature.  Dilute  sulfuric  acid  (25%,  ca.,  15  ml.)  was  then 
added  until  the  pH  was  adjusted  to  5-6.  A  suspension  formed  which  was 
stirred  overnight  at  room  temperature  before  filtering  the  crude  acid  in 
a  yield  of  55%  (2.4g,  m.p.  135-137°).  The  analytical  sample  (Table  16) 
was  obtained  as  a  beige  powder  by  sublimation  at  100-110°  (0.08  mm).  The 
infrared  spectrum  for  this  acid  is  reproduced  in  Figure  58. 


Dimethyl  Quinolinate  (NP-31) 


In  accord  with  the  reported  procedure  (39) ,  quinolinic  acid 
(lOOg)  was  refluxed  in  1.2  SL.  of  absolute  methanol  while  a  slow  stream  of 
anhydrous  hydrochloric  acid  was  bubbled  through.  After  eight  hours,  the 
solution  was  cooled  and  the  methanol  removed  under  a  nitrogen  purge.  One 
normal  sodium  hydroxide  (800  ml.)  was  then  added  to  the  crude  solid.  The 
basic  solution  was  then  extracted  three  times  with  300  ml.  of  ether.  After 
drying  (MgS04),  the  ether  was  removed  to  afford  crude  product  as  a  colorless 
solid  (32. Og,  m.p.  50-52°).  The  analytical  sample  (Table  17)was  obtained 
from  diethyl  ether. 


Dimethyl  ouinolinate  N-Oxlde  (NP-32) 


As  reported  in  the  literature  (40.) >  hydrogen  peroxide  (18  ml.) 
was  slowly  added  to  dimethyl  quinolinate  (37. Og,  NP-32)  in  110  ml.  of 
glacial  acetic  acid  at  room  temperature.  The  mixture  was  then  warmed  to 
83°  for  two  hours,  cooled,  an  additional  18  ml.  of  hydrogen  peroxide  added, 
warmed  to  83°  for  an  additional  two  hours,  and  cooled  again.  The  solvent 
was  then  removed  under  a  strong  nitrogen  purge  to  afford  a  light  yellow  oil. 
Aqueous  sodium  carbonate  was  then  added  until  the  mixture  was  basic  to 
litmus  paper.  The  suspension  was  then  extracted  three  times  with  100  ml. 
of  chloroform,  and  the  crude  product  was  isolated  as  a  tan  solid  after 
removal  of  the  solvent.  The  pure  (Table  17)  N-oxide  was  then  obtained 
after  recrystallization  from  methanol  (21. Og). 


jjjwwwgi %*g^pr; vrr&>  -"-u« v-  ”  -ct't: 


i 

[ 

? 

S 

i 

!• 

S' 

f 

f 

L- ‘ 


& 


-  131  - 


6-Methoxy-3-acetamido-2-picoline  (NP-33) 

In  accord  with  the  procedure  as  reported  in  the  literature  (38) , 
6-methoxy~3-amino-2-picoline  was  first  prepared  in  the  following  manner. 

A  mixture  of  water  (200  ml) ,  methanol  (200  ml) ,  acetic  acid  (4  ml) ,  and 
iron  powder  (66g)  was  heated  to  reflux.  Preformed  6-methoxy-3-nitro-2- 
picoline  (27. 2g,  0.162  mole,  NP-29)  was  then  added  portionwise  over  a 
period  of  45  minutes  while  maintaining  a  gentle  reflux.  After  refluxing 
for  an  additional  two  hours,  sodium  bicarbonate  (30g)  was  slowly  added 
and  the  mixture  was  heated  to  reflux  again  for  an  additional  three  hours. 
After  cooling  to  room  temperature,  the  mixture  was  filtered  and  the  filter 
cake  washed  with  500  ml  of  ethanol.  Most  of  the  solvent  was  then  removed 
from  the  combined  filtrate  and  washings .  The  residue  was  then  extracted 
three  times  with  ether  (600  ml  total) .  The  ether  layer  was  then  dried 
(MgSO,),  and  the  solvent  removed  to  afford  crude  6-methoxy-3-amino-2- 
picoline  as  an  oil  (18. 5g). 

The  crude  amine  was  not  purified  at  this  stage,  but  was  immediately 
subjected  to  reaction  with  acetic  anhydride.  Accordingly,  a  solution  of  the 
crude  amine  (18. 5g)  in  45  ml  of  ether  was  slowly  added  dropwise  into  a  solu¬ 
tion  of  acetic  anhydride  (13  ml)  in  60  ml  of  ether  at  room  temperature.  A 
moderate  exotherm  to  35°  was  noted,  and  the  suspension  which  formed  was 
stirred  overnight.  Filtration  afforded  crude  product  as  an  off-white  solid 
in  high  yield  (19. Og,  m. p. ,  131-132°).  The  analytical  sample  (Table  16)  was 
obtained  as  a  white  powder  by  recrystallization  from  diethyl  ether. 

6-Methoxy-3-acetamidopicolinic  acid  (NP-34) 

As  reported  in  the  literature  (38) ,  a  mixture  of  6-methoxy-3- 
acetamido-2-picoline  (13. Og,  72.3  nmole,  NP-33),  magnesium  oxide  (5.0g), 
and  anhydrous  magnesium  sulfate  (4Gg)  in  two  liters  of  water  was  slowly 
brought  to  reflux  with  efficient  stirring.  Potassium  permanganate  (40. Og) 
was  then  added  portionwise  over  a  period  of  45  minutes.  The  mixture  was 
refluxed  for  an  additional  fifteen  minutes  before  filtering  hot.  The 
filtrate  was  combined  with  a  hot  water  wash  of  the  cake  (500  ml)  and  the 
solvent  was  removed  to  v.  volume  of  about  500  ml  on  a  rotary  evaporator. 

This  aqueous  phase  was  then  extracted  three  times  with  100  ml  of  ether; 
removal  of  the  ether  afforded  1.5g  of  unreacted  starting  material.  The 
aqueous  phase  was  then  acidified  with  2N  hydrochloric  acid  to  a  congo  red 
end  point  (ca. ,  52  ml) .  A  white  suspension  formed  which  was  filtered  to 
afford  the  crude  acid  in  30%  yield  (4.6g).  The  analytically  pure  acid 
(Table  3.6)  was  obtained  by  recrystallization  from  absolute  ethanol. 

Dimethyl  6-chloroquinolinate  (NP-35) 

As  reported  in  the  literature  (40) ,  dimethyl  quinolinate  N-oxide 
(21. 5g,  0.104  mole,  NP-32)  was  mixed  with  40  ml  of  phosphorus  oxychloride 
at  0°.  The  mixture  was  then  slowly  heated  to  90°  and  maintained  at  this 
temperature  for  thirty  minutes.  (Note:  A  fairly  vigorous  exotherm  was 
observed  near  70°).  After  cooling  to  room  temperature,  the  excess  phosphorus 
oxychloride  was  removed  under  reduced  pressure.  The  resultant  oily  residue 
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was  cautiously  hydrolyzed  with  500  ml  of  water  and  was  vigorously  stirred 
overnight  at  room  temperature.  The  mixture  was  then  extracted  several  times 
with  chloroform  (400  ml) .  The  combined  chloroform  layers  were  dried  over 
magnesium  sulfate.  After  removal  of  the  solvent,  the  crude  product  was 
obtained  as  an  amber  oil  (19g.).  Analytically  pure  dimethyl  6-chloroquino- 
linate  (Table  17)  was  obtained  as  a  colorless  oil  in  71%  yield  by  vacuum 
distillation  (111-115° /0. 20  mm).  The  proton  spectrum  for  this  precursor 
is  reproduced  in  Figure  59 . 


Dimethyl  6-methoxyqulnolinate  (NP-36) 


I 
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In  accord  with  the  reported  procedure  (40) , a  solution  of  dimethyl 
6-chloroquinolinate  (40. Og,  0.174  mole,  NP-35)  in  80  ml.  of  methanol  was 
added  dropwise  into  a  solution  of  sodium  methoxide  (48. 7g  of  25%  solution, 
0.224  mole)  in  300  ml.  of  methanol  at  room  temperature.  The  slight  exotherm 
was  easily  controlled  with  the  aid  of  an  external  water  bath.  The  mixture 
was  then  slowly  brought  to  reflux  and  maintained  at  this  temperature  for  a 
total  of  three  hours.  The  white  suspension  was  then  filtered  (celite) ,  and 
the  filtrate  cooled  to  -78°  for  two  hours.  Analytically  pure  product  was 
then  obtained  in  64%  yield  (25. 3g,  m.p.t.,  62-63°)  by  filtration  of  the 
resultant  white  suspension  under  a  nitrogen  blanket.  The  analytical  data 
are  included  in  Table  17  and  the  proton  spectrum  is  reproduced  in  Figure  60. 

6-Methoxyquinolindiamide  (NP-37) 

Preformed  dimethyl  6-methoxyquinolinate  (36. Og,  0.160  mole,  NP-36) 
was  stirred  with  1.2%  of  concentrated  ammonium  hydroxide  at  room  temperature. 
The  initial  white  suspension  gradually  thinned  and  then  became  thicker  after 
several  hours.  Stirring  was  continued  for  a  total  of  four  hours  before  the 
solvent  was  removed  under  a  strong  nitrogen  stream.  Crude  product  was  then 
obtained  as  a  white  solid  in  high  yield.  The  analytically  pure  diamide 
(Table  17)  was  obtained  by  recryctallization  from  ethanol.  The  infrared 
spectrum  is  reproduced  in  Figure  61.  Note:  we  have  observed  that  the 
diamide  as  produced  via  this  route  must  be  rapidly  separated  from  the 
aqueous  phase  or  conversion  to  the  bis  ammonium  salt  of  6-methoxyquinolinic 
acid  will  be  a  complicating  factor.  However,  we  have  also  observed  that 
the  bis-anmonium  salt  produced  will  also  afford  6-methoxyquinolinimide  upon 
heating. 

6-Methoxyquinolinimide  (NP-38) 

A  500  ml. ,  one  neck  flask  containing  solid  6-methoxyquinolin- 
diamide  (10. Og,  51.2  mmole,  NP-37)  was  immersed  in  an  oil  bath  at  room 
temperature.  The  temperature  was  slowly  raised  to  195°  at  which  point 
the  evolution  of  ammonia  was  noted  by  pH  paper.  The  initial  white  solid 
slowly  darkened  as  the  heating  continued.  After  one  hour  at  195°,  the 
evolution  of  the  ammonia  ceased.  The  flask  was  then  cooled  to  afford  the 
lmide  as  a  light  tan  solid  in  91%  yield  (8.4g).  The  crude  Imide  was  suf¬ 
ficiently  pure  for  the  next  step,  and  its  infrared  spectrum  was  identical 
to  the  analytically  pure  imide  obtained  by  recrystallization  from  glacial 
acetic  acid.  The  analytical  data  are  included  in  Table  17,  and  the  infrared 
spectrum  is  reproduced  in  Figure  62. 
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Cupric  3-affllno-6-methoxypicolinate  (NP-39) 

Aqueous  sodium  hypobromite  solution  was  first  prepared  by  the 
dropwise  addition  of  bromine  (22. 7g,  0.142  mole)  into  an  ice-cold  aqueous 
solution  of  sodium  hydroxide  (156  ml.  of  2N,  0.312  mole)  over  a  period  of 
one  and  one-half  hours.  The  temperature  was  maintained  at  0°-3°  throughout 
this  addition,  and  the  resultant  sodium  hypobromite  solution  was  kept  cold 
and  immediately  used  for  the  next  step. 

The  Hoffmann  degradation  was  conducted  in  the  following  manner. 

Our  preformed  6-methoxyquinolinimide  (23. Og,  0.129  mole,  NP-38)  was  dissolved 
in  390  ml.  of  2N  sodium  hydroxide  at  0°-5°  with  efficient  stirring.  The 
sodium  hypobromite  solution  (prepared  as  described  above  and  kept  cold 
throughout  the  addition)  was  then  added  dropwise  into  the  solution  of  the 
imide  over  a  period  of  one  and  one-half  hours.  The  initial  dark  brown 
solution  slowly  lightened  and  was  a  light  amber  at  the  end  of  the  addition. 
The  mixture  was  then  slowly  warmed  to  room  temperature  over  a  period  of 
about  one  hour;  a  noticeable  darkening  occurred  at  this  point.  The  solution 
was  then  slowly  raised  to  80°-85°  and  maintained  at  this  temperature  for 
one  hour  to  complete  the  rearrangement.  The  resultant  light  amber  solution 
was  cooled  to  room  temperature  and  brought  to  a  pH  of  5-6  with  sulfuric 
acid  (ca. ,  49  ml.  of  50%  solution).  At  this  stage,  the  pure  3-amino-6- 
methoxypicolinic  acid  could  only  be  isolated  from  this  reaction  mixture 
through  the  intermediacy  of  its  copper  salt  as  described  below. 

The  copper  salt  of  3-amino~6-methoxypicolinic  acid  was  then 
prepared  by  the  dropwise  addition  of  a  solution  of  cupric  acetate  (6.0g 
in  150  ml.  of  hot  water  containing  6  ml.  of  glacial  acetic  acid)  into  the 
well-stirred  reaction  mixture  at  room  temperature.  A  beige  suspension 
Immediately  formed,  and  some  froathing  was  noted  near  the  end  of  the 
addition.  The  suspension  was  then  filtered  and  the  beige  solid  vacuum 
dried  overnight  (crude  yield,  25g) .  An  analytical  sample  of  this  copper 
3alt  was  isolated  by  trituration  with  hot  water  and  drying  at  110°.  The 
analytical  data  are  included  in  Table  17, and  the  infrared  spectrum  is 
reproduced  in  Figure  63. 

6-Methoxy-3-aminopicolinic  Acid  (NP-30, 
via  the  Hoffmann  degradation  route) 


The  crude  copper  salt  of  6-methoxy-3-aminopicolinic  acid  (25. Og, 
NP-39)  was  suspended  in  500  ml.  of  water  at  room  temperature.  Hydrogen 
sulfide  was  then  bubbled  through  this  beige  suspension  for  a  period  of 
about  1.5  hours.  (Note:  some  froathing  occurred  during  this  stage.)  The 
resultant  black  suspension  was  filtered  and  solvent  removed  from  the  filtrate 
by  means  of  a  nitrogen  purge  to  afford  6-methoxy-3-aminopicolinic  acid  as 
light  beige  needles  in  a  yield  of  3.1g.  An  additional  crop  of  this  acid 
was  obtained  by  slurrying  the  black  filter  cake  with  500  ml.  of  hot  water. 
After  filtering  and  removal  of  solvent,  the  second  crop  amounted  to  5.0g. 


-  134  - 


The  infrared  spectrum  of  the  crude  acid  thus  obtained  (8.1g  overall  yield, 
37%  based  upon  the  initial  imide)  was  identical  to  the  acid  produced  via 
hydrolysis  of  6-methoxy-3-acetamidopicclinic  acid  (_1) .  Moreover,  the 
analytical  sample  (see  below)  obtained  by  recrystallizaticn  from  water 
exhibited  an  identical  melting  point  (137.5-139.0°). 


Anal.  Galcd.  for  C-^N^:  C,  50.00;  H,  4.79;  N,  16.66 

Found:  C,  49.84;  H,  4.89;  N,  16.63 


Ethyl  6--Methoxy-3-amlnopicolinate  (NP-40) 


Absolute  ethanol  (15g)  was  slowly  added  into  concentrated  sulfuric 
acid  (15 g)  at  0°.  Our  previously  characterized  6-methoxy-3-aminopicolinic 
aciu  (6,4g,  38.0  mmole,  NP-30)  was  then  slowly  added  as  a  solid.  The 
brown  solution  was  warmed  to  room  temperature  at  which  point  a  light  beige 
suspension  was  formed.  The  mixture  was  then  slowly  brought  to  reflux  and 
maintained  at  reflux  for  a  total  of  four  hours.  After  cooling,  the  brown 
solution  was  slowly  poured  onto  75g  of  ice  with  stirring.  The  solution  was 
then  brought  to  a  pH  of  9  with  concentrated  ammonium  hydroxide.  The  resultant 
beige  suspension  was  extracted  three  times  with  150  ml.  of  ether.  The 
combined  ether  layers  were  dried  over  magnesium  sulfate,  and  the  solvent 
removed  to  afford  the  crude  ester  as  a  beige  solid  in  58%  yield  (4.3g). 

The  analytical  sample  (Table  18)  was  obtained  as  yellow  needles  from  heptane. 
The  infrared  spectrum  for  this  precursor  is  reproduced  in  Figure  64,  and 
the  proton  spectrum  is  shown  in  Figure  65. 


2-Benzyloxy-5-nitropyridine  (NP-41) 


The  title  precursor  was  prepared  as  reported  in  the  literature 
(  7 ) »  Accordingly,  sodium  metal  (14. Og,  0.608  mole)  was  slowly  added  to 
800  ml.  of  benzyl  alcohol  with  external  cooling.  Solid  2-chloro-5- 
nitropyridine  (95. 5g,  0.603  mole)  was  then  slowly  added  to  the  clear 
solution  of  the  alcoholate  at  room  temperature.  A  slight  exotherm  was 
noted  throughout  this  addition.  The  mixture  was  then  heated  to  85°  and 
maintained  at  this  temperature  for  three  hours.  After  stirring  at  room 
temperature  overnight,  the  suspension  was  filtered  to  afford  crude  product 
(mixed  with  the  sodium  chloride  by-product)  in  a  total  yield  of  141g.  Very 
little  of  the  product  (ca.,  8g)  was  recovered  by  removal  of  the  solvent 
from  the  filtrate.  The  combined  crude  products  (ca. ,  150g)  were  directly 
used  for  the  next  step.  The  title  product  of  analytical  purity  (Table  1) 
was  obtained  by  recrystallization  from  methanol. 


5-Amino-2-benzyloxypyridine  (NP-42) 


Crude  2-benzyloxy-5-nitropyridine  (55. Og,  0.238  mole,  NP-41)  was 
slowly  added  into  a  uixture  of  methanol  (100  ml.),  water  (100  ml.),  glacial 
acetic  acid  (4  ml.)  and  iron  powder  (80. Og)  at  reflux.  The  mixture  was 
maintained  at  reflux  for  one  day  and  then  150  ml.  of  water  was  added  to 
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aid  the  reduction.  After  refluxing  for  an  additional  day,  10  ml.  of  20% 
sodium  hydroxide  solution  was  added,  and  the  black  mixture  was  filtered 
hot.  The  cake  was  then  washed  successively  with  300  ml.  of  hot  water  and 
300  ml.  of  hot  methanol.  Solvent  was  then  removed  from  the  combined  filtrates 
by  means  of  a  strong  nitrogen  stream.  The  residue  was  then  repeatedly 
extracted  with  ether.  The  ether  layers  were  combined,  dried  over  magnesium 
sulfate,  and  the  solvent  removed  to  afford  the  crude  amine  in  52%  yield 
(25. Og).  The  analytically  pure  amine  (20. 8g,  Table  2)  was  obtaii  H  by 
recrystallization  from  ethanol -heptane. 

Diethyl  6-benzy.loxy-3-pyridylaminom-t.uylenemalonate  (NP-43) 

Preformed  5-amino-2-benzyloxypyridine  (42. 6g,  0.212  mole,  NP-42) 
was  slowly  added  with  stirring  into  one  mole-equivalent  of  neat  diethyl 
ethoxymethylenemalonate.  An  exotherm  was  noted  throughout  the  addition 
and  a  suspension  quickly  formed.  The  mixture  was  then  heated  to  95°  for 
one  hour  and  the  ethanol  produced  in  the  condensation  was  allowed  to  escape 
through  a  short  air  condenser.  Upon  cooling  to  room  temperature  a  solid 
quickly  formed  which  proved  to  be  the  crude  product  (72. Og).  The  analytically 
pure  product  (Table  3)  was  obtained  as  an  off-white  solid  by  recrystallization 
from  heptane.  The  proton  spectrum  for  this  precursor  is  reproduced  in 
Figure  6. 

4.4  Naphthyridine  Intermediates 

(NI-1  through  NI-41) _ 


3-Carbethoxy-4-Hydroxy-6-Alkoxy-l,5-Naphthyridines  (NI-1  and  NI-3  thru 
NI-6  _  _  _  _ 


The  title  derivatives  were  prepared  via  the  thermal  cyclization 
of  the  appropriate  diethyl  6-alkoxy-3-pyridylaminomethylenemalonates 
in  refluxing  diethyl  ether.  The  general  procedure  is  illustrated  below  for 
the  preparation  of  3~carbethoxy-4-hydroxy-6-(p-chlorobenzyloxy)-l,5- 
naphthyridine  (NI-6). 

Recrystallized  diethyl  6-p-chlorobenzyloxy-3-pyridylamlno- 
methylene  malonate  (27.0g,  NP-13)  was  slowly  added  as  a  solid  to  lOOg  of 
refluxing  diphenyl  ether.  The  ethanol  produced  in  the  reaction  was 
allowed  to  escape  through  a  short  air  condenser.  After  the  addition  was 
completed,  the  mixture  was  maintained  at  reflux  for  30  minutes.  The 
suspension  was  cooled  to  about  80°,  and  150  ml.  of  heptane  slowly  added 
with  stirring.  After  cooling  to  room  temperature,  the  suspension  was 
filtered  to  afford  crude  product  as  a  light  tan  powder.  The  powder  was 
repeatedly  triturated  with  hot  ethanol  before  drying  at  25  (0.10  mm)  for 

two  days.  The  yield  of  analytically  pure  (Table  4)  3-carbethoxy-6-p- 
chlorobenzyioxy-4-hydroxy-l, 5-naphthyridine  was  54%  (13. Og). 
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2-Carbethoxy-4-hydroxy-6-methoxy-l, 5-naphthyridine  (NI-2) 


The  title  product  was  prepared  according  to  the  general  method 
reported  by  Goldberg  (5).  The  starting  material,  diethyl  oxalacetate, 
was  obtained  from  its  commercially  available  sodium  salt  via  the  meta- 
thetical  reaction  (sulfuric  acid  in  ether)  and  exhibited  the  physical 
constants  reported  (11) .  After  recrystallization  from  ethanol  (charcoal), 
the  analytical  sample  of  NI-2  (Table  4)  melted  at  234-235°  (lit.  in.p., 
224-226°,  5). 


3-Carboxy-4-hydroxy-6-alkoxy-l,5-naphthyridines 


(NI-7  through  NI-9) 


These  three  intermediates  were  prepared  via  saponification  of 
the  corresponding  esters.  The  products  were  obtained  in  nearly  quantitative 
yields,  and  the  analytical  data  are  included  in  Table  5.  The  specific 
details  of  the  conditions  used  to  prepare  3-carboxy-4-'nydroxy-6-(2,2 ,2- 
trifluoroethoxy)-!, 5-naphthyridine  mono-hydrate  are  reported  below. 


A  suspension  of  3-carbethoxy-4~hydroxy-6-(2, 2,2-trifluoroethoxy)- 
1, 5-naphthyridine  (53. Og,  0.167  mole,  NI-5)  in  900  ml.  of  IN  sodium  hydroxide 
was  heated  to  95  for  four  hours.  The  resultant  thin  suspension  was  cooled 
to  room  temperature,  filtered  (charcoal),  and  acidified  to  congo  red.  The 
thick  suspension  was  filtered  and  most  of  the  water  removed  by  vacuum  fil-^ 
tratlon.  The  pasty,  white  solid  obtained  was  dried  in  a  vacuum  oven  at  70 
for  several  days.  The  yield  of  crude  product  was  83%  (42. 9g).  The  analytical 
sample  was  obtained  by  repeated  recrystallizations  from  ethanol  (charcoal) 
and  was  obtained  as  a  white  solid.  The  analytical  data  (Table  5)  consis¬ 
tently  revealed  the  presence  of  a  mono-hydrate. 


6-Alkoxy-4-hydroxy-l , 5-naphthy ridines 


(NI-10  and  NI-11) 


Both  of  these  macerials  were  obtained  in  quantitative  yield  by 
thermal  decarboxylation  in  refluxing  diphenyl  ether  solution.  Below,  we 
have  described  the  specific  details  used  for  the  preparation  of  the  tri- 
fluoroethoxy  analog  (NI-11) . 


Phenyl  ether  (lOOg)  was  heated  to  reflux  with  vigorous  stirring. 

Solid  3-c.arboxy-4-hydroxy-6- (2 , 2 , 2-trif luoroethoxy)-l,5-naph thyrid ine  mono¬ 
hydrate  (43.0g  of  NI-9)  was  slowly  added  over  a  period  of  1-2  hours.  The 
evolution  of  COj  was  evident  throughout  the  addition.  The  brown  solution 
was  heated  an  additional  ten  minutes,  and  then  cooled.  At  about  60  ,  150  ml. 
of  heptane  was  added  and  the  suspension  cooled  down  to  room  temperature. 

Crude  product  was  obtained  in  quantitative  yield  by  filtration.  The  analytical 
sample  (Table  6)  was  obtained  as  a  white  powder  after  recrystallization  from 
ethanol  (charcoal). 


p 
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6-Alkoxy-4-chloro-l,  5-naphthyridines  (NI-12  and  NI-13) 

Goldberg' s  general  procedure  was  applied  for  the  preparation  of 
the  title  derivatives  (j>) .  Both  were  prepared  by  essentially  the  same  pro¬ 
cedure,  and  the  specific  details  for  the  preparation  of  the  2,2,2-trifluoro- 
ethoxy  analog  are  discussed  below. 

Solid  4-hydroxy-6-(2, 2,2-trifluoroethoxy)-l,5-naphthyridine  (10. Og, 
0.041  mole,  NI-11)  was  slowly  added  to  30g  of  vigorously  stirring  phosphorus 
oxychloride  at  room  temperature.  A  mild  exotherm  to  about  50  was  noted  at 
this  stage.  The  mixture  was  then  heated  to  95  for  one  hour  and  cooled  to 
55°.  The  thick  solution  was  then  carefully  hydrolyzed  by  slowly  pouring 
onto  500g  of  ice  with  with  vigorous  stirring.  After  the  hydrolyzed  mixture 
warmed  to  room  temperature,  sodium  acetate  (ca.,  130g)  was  added  until  the 
solution  was  just  neutral  to  congo  red.  The  dark  aqueous  mixture  was  then 
extracted  three  times  with  300  ml.  of  ether.  The  ether  layer  was  washed 
twice  with  300  ml.  of  saturated  sodium  bicarbonate  solution  and  dried  with 
sodium  sulfate.  After  removal  of  the  ether  by  means  of  a  nitrogen  purge, 
4-chloro-6-(2,2,2-trifluoroethoxy)-l,5-naphthyridine  was  obtained  as  an  At- 
white,  crystalline  solid  in  a  crude  yield  of  76%  (8.2g).  The  analytic-'.^ 
sample  (Table  6)  was  obtained  as  colorless  needles  from  pentane  (charcoal) . 

2,4-Dihydroxy-l,5-naphthyridine  (NI-14) 

Ethyl  3-aminopicolinate  (14. 6g,  87.8  mmole)  was  slowly  added  as 
a  solid  into  125  ml.  of  diethyl  malonate  at  200  .  After  the  addition  was 
completed,  the  resultant  brown  solution  was  cooled  to  room  temperature. 

The  excess  diethyl  malonate  was  then  removed  via  vacuum  distillation.  The 
residual  reddish-brown  liquid  was  diluted  with  400  ml.  of  ether  and  allowed 
to  stand  for  one  hour.  A  small  amount  of  brown  tar  was  then  removed  by 
filtration.  To  the  clear  orange  filtrate  was  added  a  solution  of  sodium 
ethoxide  (8.7g)  in  100  ml.  of  absolute  ethanol.  A  suspension  immediately 
formed  which  was  stirred  overnight  at  room  temperature.  The  suspension  was 
then  refluxed  for  four  hours  and  filtered  to  afford  an  off-white  solid  (36. Og) 
This  solid  was  mixed  to  a  paste  with  30  ml.  of  water,  and  125  ml.  of  40% 
sodium  hydroxide  was  added  with  stirring.  This  suspension  was  slowly 
brought  to  reflux  to  effect  the  decarboxylation.  Considerably  froathing 
was  noted  at  this  point,  and  care  was  required  to  avoid  too  rapid  a  heating 
rate.  After  the  froathing  had  subsided,  hot  water  was  slowly  added  until 
an  almost  clear  solution  was  observed  (about  400  ml) .  The  solution  was 
filtered,  and  the  clear  orange-amber  filtrate  acidified  to  pH-4  with  glacial 
acetic  acid.  The  resultant  light  yellow  suspension  was  filtered  to  afford 
c  Je  2,4-dihydroxy-l,5-naphthyridine  in  97%  yield  (13. 8g,  m.p.  >300°, 
soluble  in  2N  sodium  carbonate) .  The  analytical  sample  (Table  11)  was 
obtained  by  recrystallization  from  a  large  quantity  of  hot  water  and  was 
dried  at  110°  (0.10  mm). 


■  "^U  ■iWy  .»W  j >f^wrp 


^y*  1  **r  *  ■;*«  "■«*?' 1 


-  138  - 


2,6-Dichloro-l,5-naphthyridine  (NI-15) 

Oakes'  and  Rydon's  procedure  was  used  to  prepare  this  intermediate 
(23).  A  suspension  of  2,4-dihydroxy-l,5-naphthyridine  (8.1g,  0.05  ml)  in 
97  ml.  of  phosphorus  oxychloride  was  *;lowly  heated  to  reflux.  A  brown 
solution  formed  near  80°,  and  a  nearly  black  solution  was  present  after 
six  hours.  The  mixture  was  then  cooled,  and  the  excess  phosphorus  oxy¬ 
chloride  removed  by  vacuum  distillation.  The  resultant  brown  oil  was  slowly 
poured  into  500  ml.  of  10%  ammonium  hydroxide  with  vigorous  stirring.  After 
thirty  minutes,  crude  product  was  isolated  as  a  light  grey  solid  by  filtra¬ 
tion.  The  yield  was  nearly  quantitative  after  drying  (9.7g,  m.p.  140-141  ). 
The  analytical  sample  (Table  11)  was  obtained  in  81%  yield  as  a  lightQgray 
solid  with  a  heavy,  musty  odor  by  vacuum  sublimation  (m.p.,  140-141  ). 

2 , 4-Dichloro-l , 5-Naphthyr id ine  (MI-15 , 
via  the  Meisenheimer  Route) _ 

Solid  4-chloro-l,5-naphthyridine-l-N-oxide  (5.0  g,  25.9  mmole, 
NI-39)  was  slowly  added  -  tionwise  into  100  ml  of  phosphorous  oxychloride 
at  25°.  A  slight  exoth  to  32°  was  noted  during  this  addition.  The 
clear  solution  was  then  slowly  brought  to  reflux  and  maintained  at  this 
temperature  for  two  hours.  The  gray-brown  solution  was  then  cooled  to  room 
temperature  and  the  phosphorus  oxychloride  removed  by  means  of  a  strong 
nitrogen  stream.  The  brown  gum  was  then  cautiously  hydrolyzed  by  the 
addition  of  150  g  of  ice  with  efficient  stirring.  After  warming  to  room 
temperature,  the  off-white  suspension  was  brought  to  a  pH  of  9-10  with 
concentrated  ammonium  hydroxide  (ca.,  30  ml).  After  filtration  and  drying, 
the  title  intermediate  was  obtained  in  quantitative  yield  (5.2  g)  and  ex¬ 
hibited  spectral  and  physical  properties  identical  to  2,4-dichloro-l,5- 
naphthyridine  (NI-15)  prepared  according  to  the  procedure  described 
immediately  above. 

4-Chloro-2-methoxy-l,5-naphthvridine  (NI-16) 

As  reported  by  McCaustland  and  Cheng  (_^_)  ,  a  solution  of  2,4- 
dichloro-l,5-naphthyridine  (6.5g,  32.6  mmole)  in  65  ml  of  methanol  contain¬ 
ing  5%  anhydrous  hydrogen  chloride  was  refluxed  for  six  hours.  The  solvent 
was  then  removed,  and  the  residue  made  alkaline  by  the  addition  of  dilute 
ammonium  hydroxide  in  the  presence  of  about  30g.  of  ice.  The  grey  solid 
obtained  by  filtration  was  triturated  three  times  with  250  ml.  of  boiling 
heptane.  The  clear  heptane  extracts  were  then  cooled  in  the  refrigerator 
for  three  days,  and  analytically  pure  product  (Table  13)  obtained  in  39% 
yield  (2.5g,  m.p.,  112-113°)  as  small  colorless  needles  after  filtration. 
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4-Chloro-2 -hydroxy-1, 5- 
naphthyridine  (NI-17) 

In  accord  with  the  procedure  as  described  by  Oakes  and  Rydon  (23) , 
a  mixture  of  2,4-dichloro-l,5-naphthyridine  (5.0g,  0.251  mole,  NI-15),  60  ml. 
of  5  N  hydrochloric  acid  and  45  ml  of  dioxane  was  refluxed  for  three  hours. 
The  mixture  was  then  cooled  and  slowly  poured  into  500  ml.  of  water  with 
stirring.  Solid  sodium  carbonate  was  added  until  the  pH  was  slightly 
alkaline  (ca.,  23g).  A  small  amount  of  insoluble  material  was  filtered 
at  this  point,  and  the  filtrate  was  left  at  -5°  for  several  days.  The 
precipitated  solid  was  then  isolated  by  filtration  and  obtained  as  a  grayish 
powder  in  quantitative  yield  (5.0g).  The  analytical  sample  (ethyl  acetate. 
Table  13)  exhibited  identical  spectral  characteristics  to  the  dried  crude 
material.  The  infrared  spectrum  for  this  white,  crystalline  solid  is  repro¬ 
duced  in  Figure  43. 


4-Chloro-2-(2,2,2-trifluoroethoxy) -1 ,5- 
naphthyridine  (NI-18) _ 

The  sodium  salt  of  2,2,2-trifluoroethanol  was  first  prepared  by 
the  slow,  dropwise  addition  of  a  solution  of  2,2,2-trifluoroethanol  (3.0g, 

1.2  mole-eq.)  in  50  ml.  of  tetrahydrofuran  into  a  suspension  of  finely 
divided  sodium  metal  (0.58g,  25.1  mmole)  in  25  ml.  of  tetrahydrofuran  at 
room  temperature.  This  mixture  was  stirred  overnight  to  insure  the  complete 
conversion  into  the  alcoholate.  The  resultant  slightly  cloudy  solution  was 
slowly  added  dropwise  over  one  hour  into  a  suspension  of  preformed  2,4- 
dichloro-1 , 5-naphthyridine  (5.0g,  25.1  mmole,  NI-15)  In  150  ml.  of  dry 
tetrahydrofuran  at  room  temperature.  A  slight  exotherm  was  noted  (ca.,  3-4  ), 
however  no  visible  change  could  be  observed.  The  suspension  was  then  slowly 
heated  to  reflux  and  maintained  at  reflux  for  a  period  of  four  hours.  The 
suspension  was  then  cooled  and  filtered  to  remove  the  inorganic  by-product 
(ca.,  1.2g).  Solvent  was  removed  from  the  colorless  filtrate  to  afford 
crude  product  as  a  white  solid  in  quantitative  yield  (7.0g).  This  solid 
was  then  dissolved  in  400  ml.  of  boiling  heptane.  The  solution  was  treated 
with  magnesium  sulfate  and  filtered  hot.  After  cooling  to  room  temperature 
a  crystalline  precipitate  immediately  separated  from  solution.  The  title 
product  of  analytical  purity  (Table  13)  was  thereby  obtained  as  colorless 
crystals  in  an  overall  yield  of  71%  (4.7g,  ra.p.,  153.0-153.5  ).  An 
additional  1.5g  of  product  of  nearly  identical  purity  could  be  obtained  by 
evaporation  of  the  heptane  solution  to  dryness.  The  proton  spectrum  for 
this  derivative  is  reproduced  in  Lgure  45. 

4-Chloro-2-(p-chlorobenzyloxy)-l,5- 
naphthyridine  (NI-19) _ 

Solid  p-chlorobenzyl  alcohol  (1.78g,  12.5  mmole)  was  slowly  added 
as  a  solid  into  a  suspension  of  solid  sodium  ethoxide  (0.90g,  13.1  mmole) 
in  200  ml.  of  dry  tetrahydrofuran  at  room  temperature.  No  exotherm  or 
visible  sign  of  reaction  was  evident  at  this  point.  The  suspension  was 
then  heated  to  50-55°  for  one-half  hour  to  complete  the  metathetical  reaction. 
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After  cooling  to  room  temperature,  preformed  2,4-dichloro-l,5-naphthyridine 
(2.5g,  12.5  mmole,  NI-15)  was  added  portionwise  over  two  minutes.  The  sus¬ 
pension  was  then  heated  to  reflux,  and  a  perceptible  lightening  of  the  sus¬ 
pension  color  was  observed.  After  refluxing  for  four  hours,  the  mixture 
was  cooled,  and  the  inorganic  salts  removed  by  filtration.  Solvent  was 
removed  from  the  clear,  light  amber  filtrate  to  afford  an  off-white,  somewhat 
gummy  solid.  This  solid  was  then  triturated  with  150  ml.  of  boiling  heptane 
for  five  minutes.  The  heptane  layer  was  separated  by  filtration,  treated 
with  decolorizing  charcoal,  and  filtered  while  hot.  Upon  cooling  to  room 
temperature,  4-chloro-2-(p-chlorobenzyloxy)-l,5-naphthyridine  quickly 
separated  from  solution  in  the  form  of  pale-pinkish,  small  needles  (0.7g). 

The  residue  from  the  first  heptane  trituration  was  again  extracted  with 
150  ml.  of  boiling  heptane,  and  the  heptane  layer  worked-up  as  described 
before.  The  yield  of  product  from  this  second  trituration  proved  to  be 
0.3  g.  Both  of  these  crops  were  combined  to  afford  analytically  pure  product 
(Table  13)  in  an  overall  yield  of  26%  (l.Og).  The  proton  spectrum  for  the 
analytically  pure  solid  is  reproduced  in  Figure  47. 


3-Carbethoxy-6-ethoxy-4-hydroxy-l,5-naphthyridine  (NI-20) 


Diphenyl  ether  (300g)  was  heated  to  reflux  and  recrystallized 
diethyl  6-ethoxy-3-pyridylaminomethylenemalonate  (66. 7g,  0.216  mole,  NP-19) 
was  slowly  added  protionwise  over  a  period  of  about  two  hours.  The  ethanol 
produced  in  the  reaction  was  allowed  to  escape  through  a  short  air  condenser. 
After  the  addition  was  completed,  the  mixture  was  refluxed  an  additional  15 
minutas  before  cooling  to  room  temperature.  Heptane  (450  ml)  was  added  and 
the  resultant  suspension  filtered  to  afford  the  crude  product  as  a  brown 
solid  in  85%  yield  (48. Og),  The  analytical  sample  (Table  4)  was  obtained 
by  repeatedly  triturating  the  crude  ester  with  hot  ethanol. 


3-Carboxy-6-ethoxy-4-hydroxy-l,5-naphthyridine 
hemi-hydrate  (NI-21) _ 

Preformed  3-carbethoxy-6-ethoxy-4-hydroxy-l ,5-naphthyridine  (45. Og, 
0.172  mole,  NI-20)  was  quickly  added  to  900  ml.  of  normal  sodium  hydroxide 
at  room  temperature.  The  suspension  was  heated  with  stirring  to  100  .  The 
suspension  slowly  cleared,  and  the  heating  was  continued  overnight.  The 
clear,  dark  solution  was  then  cooled  to  room  temperature  and  filtered  to 
remove  a  small  amount  of  insoluble  solids.  The  filtrate  was  then  titrated 
to  a  congo  red  end  poinr  with  concentrated  hydrochloric  acid  (ca.,  135  ml.). 
The  dark  suspension  was  filtered  and  the  crude  acid  was  thereby  isolated  as 
a  brown  solid  (22g).  An  infrared  spectrum  of  the  crude  acid  clearly  exhibited 
numerous  impurity  peaks.  The  crude  acid  was  therefore  taken  up  in  900  ml.  of 
1  N  sodium  hydroxide  and  reprecipitated  with  concentrated  hydrochloric  acid. 
After  drying,  the  acid  was  obtained  as  a  light  brown  powder  in  a  crude  yield 
of  32%  (13. Og).  An  infrared  spectrum  again  disclosed  the  presence  of 
impurities,  however,  they  were  reduced  in  intensity.  The  analytical  sample 
(Table  5)  was  obtained  by  recrystallization  from  ethanol  (cu.Tcoa])-pentane. 
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3-Carboxy-6-(p-chlorobenzyloxy) -4-hydroxy- 


1,5-naphthyridine  (NI-22) 


Preformed  3-carbethoxy-6-(p-chlorobenzyloxy)-4-hydroxy-l,5- 
naphthyridine  (11. Og,  30.7  mmole,  NI-6)  was  added  to  200  ml.  of  1  N  sodium 
hydroxide  and  was  refluxed  overnight.  After  cooling,  a  suspension  formed 
which  was  neutralized  to  congo  red  by  the  addition  of  concentrated  hydro¬ 
chloric  acid  (ca. ,  18  ml.).  The  resultant  white  suspension  was  filtered, 
and  the  filter  cake  washed  repeatedly  with  water  before  drying  at  110 
(0.10  mm).  The  crude  product  was  thereby  obtained  as  a  white  powder  in 
quantitative  yield.  The  analytical  sample  was  obtained  by  redissolving  the 
crude  acid  in  dilute  (IN)  sodium  hydroxide  and  acidifying  whith  warm  hydro¬ 
chloric  acid  to  a  congo  red  end  point.  After  washing  repeatedly  with  water 
and  drying  at  110°  (0.10  mm),  the  analytically  pure  acid  (Table  5)  was 
obtained  as  a  white  powder  in  moderate  yield. 


4,6-Dichloro-l,5-naphthyridine  (NI-23) 


Crude  6-(p-chlorobenzyloxy) -4-hydroxy-l,5-naphthyridine  (46. Og, 
0.161  mole)  was  heated  to  reflux  with  150  ml.  of  phosphorus  oxychloride 
for  three  hours.  The  resultant  black  mixture  was  cautiously  hydrolyzed  by 
adding  into  l,500g  of  ice  with  vigorous  stirring.  After  warming  to  room 
temperature,  sodium  acetate  was  added  to  the  congo  red  end  point  (ca. ,  900g) 
The  aqueous  phase  was  then  filtered  to  remove  an  insoluble  portion  (14g) , 
and  the  clear,  brown  filtrate  was  extracted  with  ca.,  2.5 2  of  ether.  The 
ether  layer  was  then  washed  three  times  with  1.52.  of  saturated  sodium 
bicarbonate  solution,  dried  over  magnesium  sulfate,  and  the  solvent  removed 
under  a  nitrogen  purge.  The  residual  solid  was  isolated  in  very  low  yield 
(4.0g,  12%)  after  removal  of  the  ether.  This  solid  was  recrystallized  from 
ether  (charcoal)  at  -70  and  was  isolated  as  small  white  needles  (2.1g). 

The  analytical  data  for  this  solid  (Table  8)  are  in  agreement  with  the 
formulated  structure.  The  proton  spectrum  (Figure  27)  again,  is  in  complete 
agreement  with  the  proposed  structure. 


4-Amino-6-n-butoxy-l,5-naphthyridine  (NI-24) 


In  accord  with  the  reported  procedure  ( 5  ) ,  solid  potassium 
hydroxide  (3.0g)  was  dissolved  in  phenol  (25g)  at  90°.  Preformed  6-n-butoxy 
4-chloro-l, 5-naphthyridine  (13.ig,  55.4  mmole,  NI-12)  was  then  added  as  a 
solid  at  90  ,  and  the  mixture  subsequently  heated  to  160  for  three  hours. 
After  cooling,  the  mixture  was  poured  into  500  ml.  of  2  N  sodium  hydroxide. 
The  organic  phase  was  extracted  with  ether  (3  x  150  ml.),  washed  twice  with 
dilute  sodium  hydroxide,  once  with  water  and  finally  dried  over  magnesium 
sulfate.  After  removal  of  the  ether,  the  crude  6-n-butoxy--4-phenoxy-l,5- 
naphthyridine  was  obtained  as  an  oil  in  a  crude  yield  of  15g.  This  oil  was 
mixed  with  75g  of  ammonium  acetate,  heated  to  140  ,  and  anhydrous  ammonia 
bubbled  through  for  a  total  of  five  hours.  The  mixture  was  then  cooled, 
mixed  with  water  (150  ml.),  filtered  (charcoal),  and  the  filtrate  made  basic 
with  ammonium  hydroxide  (80  ml.).  The  crude  product  separated  from  solution 
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as  an  oil  and  was  isolated  by  means  of  a  separatory  funnel.  This  oil  would 
not  crystallize  even  when  cooled  and  scratched.  Consequently,  the  oil  was 
repeatedly  triturated  with  hot  heptane.  The  combined  heptane  layers  were 
treated  with  charcoal,  magnesium  sulfate,  and  the  clear  filtrate  was  allowed 
to  stand  at  0  for  several  days.  The  title  product  of  analytical  purity 
(Table  7)  separated  from  solution  as  a  white,  micro-crystalline  solid  and 
was  isolated  in  moderate  yield,  "'he  proton  spectrum  for  this  intermediate 
is  reproduced  in  Figure  22. 

3-Carbethoxy-6-chloro-4-hydroxy-l , 5- 
naphthyridine  (NI-25)  and  3-Carbethoxy-4, 6- 
dihydroxy-1, 5-naphthyridine  (NI-26) _ 

Diethyl  6-chloro-3-pyridylaminomethylenemalonate  (36. Og.,  0.120 
mole,  NP-26)  was  slowly  added  as  a  solid  into  150g  of  refluxing  (248°) 
diphenyl  ether  with  efficient  stirring.  The  evolution  of  ethanol  was 
readily  apparent  and  considerable  froathing  occurred.  After  the  addition 
was  completed,  heating  was  immediately  discontinued  and  the  mixture  cooled. 
At  80°,  200  ml  of  heptane  was  added  and  the  suspension  was  cooled  to  room 
temperature.  The  crude  tan  solid  was  then  isolated  by  filtration  and 
weighed  26 g.  This  crude  solid  proved  to  be  a  mixture  which  contained  at 
least  three  components.  This  was  verified  in  the  following  manner.  The 
crude  product  (5.0g)  was  triturated  at  the  boiling  point  with  200  ml  of 
absolute  ethanol.  Filtration  of  the  hot  ethanol  suspension  afforded  the 
6-chloro  ester  (2.0g,  NI-25)  as  a  dark  gray  highly  insoluble  solid.  The 
analytical  data  for  this  ester  are  included  in  Table  8,  and  its  infrared 
spectrum  is  reproduced  in  Figure  24.  The  clear  and  dark  ethanol  filtrate 
was  then  treated  with  charcoal  and  refiltered  while  hot.  After  cooling  to 
room  temperature,  a  dark  tan  solid  slowly  precipitated.  To  date,  this 
material  has  eluded  all  attempts  to  complete  its  characterization.  The 
filtrate  from  this  step  was  then  diluted  with  one  volume  of  ether  and  cooled 
to  -20°  overnight.  The  precipitated  solid  (1.5g)  exhibited  an  infrared 
spectrum  (Figure  25)  identical  to  the  recrystallized  analytical  sample  of 
the  6-hydroxy  ester  (ethanol-pentane,  NI-26).  The  analytical  data  for  NI-26 
are  included  in  Table  8. 

3-Carboxy-6-chloro-4-hydroxy- 
1, 5-naphthyridine  (NI-27) 

A  suspension  of  3-carbethoxy-6-chloro-4-hydroxy-l, 5-naphthyridine 
(6. 4g,  25.3  mmole,  NI-25)  in  120  ml.  of  IN  sodium  hydroxide  was  heated  to 
reflux.  A  clear  solution  was  present  at  80°,  and  the  solution  was  refluxed 
for  a  total  of  45  minutes  before  immediately  cooling  to  room  temperature. 

A  suspension  of  the  sodium  salt  of  the  acid  formed  at  room  temperature. 

The  sodium  salt  was  removed  by  filtration,  resuspended  in  about  120  ml.  of 
water,  and  neutralized  to  a  congo  red  end  point  with  concentrated  hydro¬ 
chloric  acid  (ca.,  6  ml.).  The  suspension  was  then  filtered  to  afford  the 
title  product  as  a  tan  powder  in  high  yield  after  drying  at  110°.  The 
analytical  data  are  included  in  Table  8,  and  the  infrared  spectrum  is 
reproduced  in  Figure  26. 
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A  preliminary  decarboxylation  experiment  performed  upon  this 
acid  revealed  that  temperatures  greater  than  refluxing  diphenyl  ether  (250°) 
are  required,  since  absorptions  inthe  carbonyl  region  were  still  present. 
Moreover,  reaction  of  this  crude  product  with  phosphorus  oxychloride  via 
our  usual  technique  afforded  less  than  10%  of  our  previously  characterized 

4.6- dichloro-l,5~naphthyridine  (NI-23) . 

4-Chloro-6-methoxy-lt  5-naphthyridine  (NI-28) 

Previously  characterized  4, 6-dichloro-l, 5-naphthyridine  (7.0g, 

35.1  mmole,  NI-23)  was  added  portionwise  as  a  solid  to  a  solution  of  sodium 
methoxide  (7.59g  of  25%  solution,  35.1  mmole)  in  135  ml.  of  methanol  at 
room  temperature.  The  mixture  was  slowly  heated,  and  a  clear  solution  was 
present  near  40-50°.  A  suspension  formed  as  the  reflux  began,  and  the 
mixture  was  maintained  at  reflux  for  24  hours.  Solvent  was  then  removed 
under  a  nitrogen  purge  to  afford  crude  product  (and  sodium  chloride)  as  a 
white  solid.  This  mixture  was  then  sublimed  at  80-100°  (0.04  mm)  to  afford 
analytically  pure  product  as  a  white  solid  in  88%  yield  (6.Qg,  m.p.  93-94°). 
The  analytical  data  are  included  in  Table  8,  and  the  proton  spectrum  is 
reproduced  in  Figure  28. 

4-Chloro-6-ethoxy-l, 5-naphthyridine  (NI-29) 

Our  previously  characterized  3-carboxy-4-hydroxy-6-ethoxy-l,5- 
naphthyridine  (NT-21)  was  first  decarboxylated  in  refluxing  diphenyl  ether 
in  accord  with  our  standard  technique .  Full  decarboxylation  was  not 
observed  since  carbonyl  absorptions  were  still  present  near  5.9p.  Also, 
all  attempts  to  separate  the  pure  6-ethoxy-4-hydroxy-l, 5-naphthyridine  were 
unsuccessful  since  the  product(s)  was  highly  insoluble.  Accordingly,  the 
crude  6-ethoxy-4-hydroxy-l, 5-naphthyridine  (14. Og)  was  slowly  added  to  50  ml. 
of  phosphorus  oxychloride  at  room  temperature.  The  suspension  was  then 
heated  to  reflux  and  maintained  there  for  an  additional  hour  before  cooling 
the  dark  suspension  to  room  temperature.  The  mixture  was  carefully  hydrolyzed 
on  1500g  of  Ice  with  vigorous  stirring.  Solid  sodium  acetate  was  then 
slowly  added  (ca.  280g)  until  the  mixture  was  neutral  to  congo  red.  This 
mixture  was  then  repeatedly  extracted  with  ether  until  no  further  color 
was  removed  into  the  extracts.  All  of  the  ether  layers  were  then  combined 
and  washed  well  with  a  saturated  aqueous  sodium  bicarbonate  solution  until 
no  further  effervescence  was  observed.  The  ether  phase  was  then  dried  over 
magnesium  sulfate  and  the  solvent  removed  under  a  nitrogen  purge.  At  this 
stage,  a  crystalline  solid  was  obtained  in  a  yield  of  6.0g.  A  proton 
spectrum  (CDC1-)  of  this  solid  proved  it  to  be  a  50:50  mixture  of  the  title 
4-chloro-6-ethoxy-l, 5-naphthyridine  (NI-29)  and  our  previously  characterized 

4. 6- dichloro-l, 5-naphthyridine  (NI-23).  The  run  as  described  above  was 
repeated  to  afford  an  additional  6.0g  of  white  solid  with  identical  spectral 
characteristics.  The  crude  mixture  (10. 5g)  was  dissolved  in  1.2  1.  of  hot 
heptane,  treated  with  charcoal  and  magnesium  sulfate,  filtered  while  hot, 

and  cooled  to  -20°  for  two  hours.  The  crystals  which  separated  were  filtered 
and  proved  to  be  pure  4, 6-dichloro-l, 5-naphthyridine  (2.1g,  NI-23)  by  compari¬ 
son  with  a  known  sample  (I.R.,  mixed  ra.pt.).  The  solvent  was  removed  from 
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the  heptane  filtrate  to  afford  crude  4-chloro-6-ethoxy-l,5-naphthyr.ldine  as 
a  white  solid  in  a  yield  of  4.3g.  Analytically  pure  4-chloro-6-ethoxy-l, 5- 
naphthyridine  (NI-29)  was  obtained  as  a  white  solid  in  an  essentially 
quantitative  sublimation  (65°,  0.03  mm).  The  analytical  data  for  this 
product  are  included  in  Table  8,  and  the  proton  spectrum  is  reproduced  in 
Figure  29.  This  same  product  (I.R.,  mixed  m.p.)  was  obtained  in  virtually 
quantitative  yield  by  the  reaction  of  one  mole-equivalent  of  sodium  ethoxide 
with  4,6-dichloro-l,5-naphthyridine  (NI-23)  in  refluxing  ethanol  solution. 


2 , 4-Di- (5-isopropylaminopentylamino) -1 , 5- 
naphthyridine  (NI-30) ;  Attempted  formation 
of  2- (2 , 2 , 2-trif luoroethoxy ) -4- (5-isopropyl- 


aminopentylamino) -1 , 5-naphthyridine 


A  mixture  of  our  previously  characterized  2-(2,2,2-trifluoro- 
ethoxy)-4-chloro-l, 5-naphthyridine  (3 . Og ,  11.4  mmole,  NI-18) ,  potassium 
carbonate  (2.1g,  15.2  mmole)  and  5-isopropylaminopentylamine  (10. Og,  69.5 
mmole)  was  slowly  raised  to  170°  and  maintained  at  this  temperature  for  a 
total  of  eighteen  hours.  The  amber  suspension  was  then  cooled,  50  ml. 
of  ether  added,  and  the  inorganic  salt  removed  by  filtration.  The  filtrate 
was  shaken  well  with  50  ml.  of  5N  sodium  hydroxide,  and  the  ether  layer  was 
combined  with  two  succeeding  ether  extracts  (ca.,  75  ml.)  of  the  water 
layer.  The  ether  extracts  were  combined,  dried  with  magnesium  sulfate  and 
the  solvent  finally  removed  to  afford  an  amber  liquid.  When  subjected  to 
molecular  distillation,  most  of  the  diamine  was  collected  over  the  range 
25-100°  (0.20  mm).  Very  little  else  distilled  until  a  bath  temperature  of 
190°  was  reached.  A  yellow-amber  oil  was  then  collected  fairly  quickly 
over  the  range  190-195°  (0.05  mm);  yield,  3.2g,  67%,  njp  1.5628.  Analytical 
data  (Table  15)  and  the  proton  spectrum  (Figure  53)  were  solely  consistent 
with  the  structure  as  formulated  for  NI-30. 


2 , 4-Di- (5-isopropylaminopentylamino) -1 , 5- 


naphthyridine  di-fl-resorcylate  mono-hydrate  (NI-31) 


An  excess  of  2,4-dihydroxybenzoic  acid  (2.51g,  36.3  mmole)  in 
about  100  ml.  of  ether  was  added  dropwise  into  a  solution  of  2,4-di-(5- 
isopropylaminopentylamino)-l, 5-naphthyridine  (1.5g,  3.62  mmole,  NI-30)  in 
about  200  ml.  of  ether  at  room  temperature.  A  thick,  white  suspension 
quickly  formed,  and  more  ether  was  added  during  the  reaction  to  keep  the 
mixture  fluid.  After  stirring  for  several  hours,  the  suspension  was 
filtered  to  afford  the  title  salt  as  a  white  powder  (2.2g,  82%,  m.p. 
106-109°).  The  analytical  data  are  included  in  Table  15  and  are  consistant 
with  a  di-8-resorcylate,  mono-hydrate  salt. 


2.4- Di-(4-diethy ’ amino-l-methylbutylamino)- 

1. 5- naphthyridine  (NI-32)  _ 


A  mixture  of  2, 4-dichloro-l , 5-naphthyridine  (4.0g,  20.1  mmole, 
NI-15),  2-amino-5-diethyIaminopentane  (25. Og,  0.157  mole)  and  a  catalytic 
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quantity  of  copper-bronze  (0.5g)  was  heated  to  180°  for  18  hours.  The 
resultant  brown  suspension  was  shaken  with  50  ml.  of  5N  sodium  hydroxide. 

The  organic  phase  was  separated  and  combined  with  three,  75  ml.  ether 
extracts  of  the  aqueous  phase.  The  combined  ether  layers  were  dried  over 
magnesium  sulfate  and  filtered.  Both  the  ether  and  excess  diamine  were 
then  removed  from  the  filtrate  by  a  strong  nitrogen  stream  for  about  two 
days.  The  resultant  thick  brown  gum  was  then  subjected  to  molecular  distil¬ 
lation.  Very  little  distillate  was  collected  over  the  range  25-180°  (0.035  mm) 
The  title  product  was  then  isolated  as  a  yellow-amber  oil  in  56%  yield  (5.0g, 
190-195 °/0. 035  mm).  The  analytical  data  for  NI-32  are  included  in  Table  15 
and  its  proton  spectrum  is  reproduced  in  Figure  54. 

2 , 4-Di- (4-diethylamino-l-methylbutylamino) -1 , 5- 

naphthyridine  tri-B-resorcylate  mono-hydrate  (NI-33) 

A  solution  of  2,4-dihydroxybenzoic  acid  (4.22g,  27.5  mmole,  4.5 
mole-eq.)  in  150  ml.  of  ether  was  added  dropwise  into  a  solution  of  2,4-di- 
(4-diethylamino-l-methylbutylamino)-l,5-naphthyridine  (2.70g,  6.10  mmole, 

NI-32)  in  350  ml.  of  ether  at  25°.  The  white  suspension  was  stirred  for 
several  hours  and  then  filtered  to  affo’-d  the  title  product  in  85%  yield 
(4.8g,  m.p.,  108-111°).  The  analytical  aata  (Table  15)  for  both  this 
material  and  a  duplicate  preparation  were  virtually  identical,  and  were 
solely  consistant  with  the  empirical  formula  formulated  for  NI-33. 

2-Methoxy-4-phenoxy-l , 5- 

naphthyridine  (NI-34) 

Preformed  4-chloro-2-methoxy-l,5-naphthyridine  (2.9g,  14.9  mmole, 
NI-16)  was  slowly  added  as  a  solid  into  a  mixture  of  phenol  (lOg)  and 
potassium  hydroxide  (l.Og)  at  90°.  The  mixture  was  then  heated  to  160° 
for  three  hours  and  cooled  to  room  temperature.  The  mixture  was  then 
slowly  poured  into  200  ml.  of  2N  sodium  hydroxide.  This  solution  was 
then  extracted  three  times  with  100  ml.  of  ether.  The  combined  ether 
layers  were  washed  twice  with  dilute  sodium  hydroxide,  once  with  200  ml. 
of  water,  dried  over  magnesium  sulfate,  and  the  solvent  removed  to  afford 
2.4g  of  the  crude  4-phenoxy  compound  as  an  oil.  The  crude  phenoxy  deriva¬ 
tive  was  then  added  to  30g  of  ammonium  acetate,  heated  to  130°  with  stir¬ 
ring,  and  anhydrous  ammonia  bubbled  through  for  two  hours.  After  cooling 
to  room  temperature,  water  (75  ml.)  and  glacial  acetic  acid  (5  ml.)  was 
added,  and  the  mixture  charcoal  filtered.  The  pH  was  then  adjusted  to  8 
with  ca.,  16  ml.  of  ammonium  hydroxide,  and  the  mixture  stirred  for  several 
hours  until  a  gummy  solid  formed  (l.Og).  This  solid  was  recrystallized 
from  ether-pentane  to  afford  the  unreacted  2-methoxy-4-phenoxy-l,5~naph- 
thyridine  as  a  white  solid  (0.7g).  The  analytical  data  are  included  in 
Table  15,  and  the  infrared  spectrum  is  reproduced  in  Figure  55.. 
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4-Amino-6-n-butoxy-l , 5-naphthyridine 
hydrochloride  (NI-35) _ 

A  mixture  of  4-amino-6-n-butoxy-l , 5-naphthyridine  (3.7g,  17.0 
mmole,  NI-24)  and  4-bromo-l-phthalimidopentane  (2.6g,  8.4  mmole)  was  heated 
to  reflux  at  140-145°  for  eighteen  hours.  Note:  The  4-bromo-l-phthalimido- 
pentane  was  prepared  as  Chu  had  described  (16)  and  was  isolated  as  a  color¬ 
less  oil  by  molecular  distillation  (125°/0.Q8  mm;  theory  for  Ci 3H14BrN02 : 

C,  52.72;  H,  4.76;  N,  4.73.  Found:  C,  53.04;  H,  4.68;  N,  4.78).  The 
resultant  amber  oil  was  cooled  and  50  ml.  of  benzene  added.  The  suspension 
which  formed  was  filtered,  and  solvent  was  removed  from  the  filtrate  to 
give  an  orange-amber  gum.  This  gum  was  refluxed  for  six  hours  with  25  ml. 
of  ethanol  containing  0.43  g.  of  hydrazine  hydrate.  The  mixture  was  then 
made  acidic  to  Congo  red  with  8N  hydrochloric  acid.  The  suspension  was 
filtered,  and  the  filtrate  and  hot  water  wash  of  the  cake  were  combined. 

The  ethanol  was  removed  by  a  nitrogen  purge  and  the  aqueous  solution  was 
then  made  strongly  basic  with  dilute  sodium  hydroxide  solution.  Several 
ether  extracts  of  the  water  layer  were  then  combined  and  the  solvent  removed 
to  afford  a  tan  crystalline  solid.  This  solid  was  dissolved  in  ca.,  100  ml. 
of  ether  (charcoal)  and  anhydrous  hydrogen  chloride  bubbled  through.  The 
white  suspension  was  filtered  and,  after  drying  at  80°,  a  tan  powder  was 
obtained  in  about  lg.  yield.  This  material  proved  to  be  the  hydrochloride 
salt  of  the  starting  material  and  not  of  the  primaquine  side-chain  analog. 
This  was  verified  by  elemental  analysis  (Table  7)  and  comparison  of  the 
infrared  spectrum  with  authentic  hydrochloride  prepared  in  ether. 


6-Methoxy-2,4-dihydrcxy-l, 5-naphthyridine  (NI-36) 

Solid  ethyl  6-methoxy-3*-aminopicolinate  (3.0g,  153.3  mmole,  NP-40) 
was  slowly  added  portionwise  over  a  period  of  about  fifteen  minutes  into 
neat  diethyl  malonate  (50  ml.)  at  195-200°C.  The  mixture  was  maintained 
at  this  temperature  for  an  additional  one-half  hour  to  complete  the  conden¬ 
sation.  The  resultant  red-brown  solution  was  cooled  to  room  temperature 
and  the  excess  diethyl  malonate  removed  via  vacuum  distillation.  The  residual 
reddish-brown  serai-solid  was  taken  up  in  200  ml.  of  ether  and  filtered  to 
remove  a  small  amount  of  insoluble  solid  (ca.,  0.05g).  To  the  well-stirred 
ether  filtrate  at  room  temperature,  a  solution  of  sodium  ethoxide  (1.56g, 

23.0  mmole)  in  about  25  ml.  of  ethanol  was  slowly  added  dropwise  over  a 
period  of  one  and  one-half  hours.  A  brown  suspension  formed  which  slowly 
lightened  in  color  throughout  the  addition.  After  stirring  at  room  tempera¬ 
ture  overnight,  the  suspension  was  refluxed  for  four  hours  and  then  filtered 
to  afford  a  light  tan  solid  (6.2g).  This  solid  was  suspendei  in  a  mixture 
of  20  ml.  of  water  and  20  ml.  of  50%  sodium  hydroxide  solution.  The  suspension 
was  then  slowly  heated  to  100°.  A  clear  amber  solution  formed  after  five 
minutes  which  was  kept  at  100°  for  a  total  of  thirty  minutes.  After  adding 
75  ml.  of  hot  water,  the  solution  was  filtered  hot  to  avoid  the  separation 
of  the  moderately  soluble  sodium  salt.  The  filtrate  was  maintained  at  40-50°, 
and  glacial  acetic  acid  was  added  to  obtain  a  pH  of  5-6.  The  resultant  white 
suspension  was  cooled  to  10°  and  filtered  to  afford  the  crude  dihydroxy 
compound  as  a  white  solid  in  51%  yield  (1.5g,  m.p.,  285-290°).  The  infrared 
spectrum  for  this  derivative  is  reproduced  i.n  Figure  66.  An  analytical 
sample  (Table  18)  was  obtained  by  triturating  with  warm  water  and  drying 
under  reduced  pressure. 
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2,4-Dichloro-6-methoxy-l,5-naphthyridine  (NI-37) 

Preformed  6-methoxy-2,4-dihydroxv-l,5-naphthyridine  (4.7g,  24.4 
mmole,  NI-36)  was  slowly  added  to  neat  phosphorus  oxychloride  (100  ml.)  at 
25°.  A  moderate  exotherm  to  32°  was  noted  during  this  addition.  The  suspension 
was  then  slowly  brought  to  reflux.  A  clear  amber  solution  formed  near  50° , 
and  a  slight  froathing  (HC1)  was  noted  near  80-85°.  After  refluxing  for 
4.5  hours,  the  dark  amber  solution  was  cooled  to  room  temperature  and  stirred 
overnight.  The  excess  phosphorus  oxychloride  was  removed  under  reduced  pressure 
to  afford  a  greyish-tan  semi-solid.  This  residue  was  cautiously  hydrolyzed 
by  adding  150g  of  ice  at  0-5°  with  efficient  stirring.  After  warming  to  room 
temperature,  concentrated  ammonium  hydroxide  was  added  to  the  white  suspension 
until  the  mixture  was  definitely  basic  (pH  9-10) .  Crude  product  was  then 
obtained  as  a  white  powder  in  80%  yield  (3.8g,  m.pt.,  138-140°)  by  filtration. 
The  analytical  sample  (Table  18)  was  obtained  as  a  fluffy  white  solid  by 
recrystallization  from  heptane  The  proton  spectrum  for  this  intermediate 
is  reproduced  in  Figure  67. 

4-Chloro-l,5-naphthyridine  (NI-38) 

As  reported  in  the  literature  (31) , a  mixture  of  4-hydroxy-l,5- 
naphthyridine  (28. Og,  0.192  mole)  and  phosphorus  oxychloride  (500  ml.)  was 
slowly  brought  to  100°  and  maintained  at  that  temperature  for  three  hours. 

The  dark  mixture  was  then  cooled  and  the  excess  phosphorus  oxychloride 
removed  under  reduced  pressure.  The  residue  was  then  cautiously  hydrolized 
with  600  ml.  of  ice  water  with  efficient  stirring.  The  suspension  was  then 
filtered  to  remove  some  black  solid,  and  the  filtrate  was  brought  to  a  pH 
of  7  with  con.  ammonium  hydroxide  (ca,,  45  ml.).  Solvent  was  then  removed 
from  the  neutralized  solution  by  means  of  a  strong  nitrogen  stream.  The 
residue  was  then  extracted  twice  with  300  ml.  of  hot  benzene.  The  benzene 
layer  was  then  dried  (magnesium  sulfate) ,  and  the  solvent  removed  to  afford 
crude  product  as  a  yellow-tan  solid  in  30%  yield  (9.5g,  m.p.,  101-103°). 

The  analytical  sample  (Table  12)  was  obtained  as  a  colorless  solid  by 
recrystallization  from  heptane  and  subliming  at  80°  (0.10  mm).  The  proton 
spectrum  for  this  intermediate  is  reproduced  in  Figure  41. 

4-Chloro-l,5-Naphthyridine-l-N-oxide  (NI-39) 

A  solution  of  m-chloroperoxybenzoic  acid  (24.3  mmole,  4.94g  of 
85%  pure  material)  in  200  ml.  of  chloroform  was  slowly  added  dropwise  over 
a  period  of  about  two  hours  into  a  solution  of  4-chloro-l,5-naphthyridine 
(2.0g,  12.2  mmole,  NI-38)  in  250  ml.  of  chloroform  at  25°.  No  exotherm 
or  visible  sign  of  reaction  was  noted  during  this  addition.  After  stirring 
at  room  temperature  for  two  days,  the  chloroform  solution  was  washed  with 
aqueous  potassium  carbonate  (35g  in  500  ml.  of  water) .  After  a  second 
potassium  carbonate  wash  (17g  in  250  ml.  water) ,  the  chloroform  layer  was 
dried  (magnesium  sulfate)  and  then  concentrated  to  about  50  ml.  under  a 
nitrogen  purge.  The  addition  of  250  ml.  of  heptane  immediately  produced  a 
suspension.  Crude  product  was  obtained  as  a  yellow-tan  solid  in  64%  yield 
by  filtration  (1.5g).  The  analytical  sample  (Table  12)  was  obtained  from 
chloroform-heptane  and  its  proton  spectrum  is  reproduced  in  Figure  42. 
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2-Benzyloxy~4-chloro-l,5- 
naphthyridine  (NI-40) 

Benzyl  alcohol  (2.70g,  25.4  nmole)  was  slowly  added  into  a  well 
stirred  mixture  of  sodium  metal  (0.58g,  25.1  mmole)  in  500  ml.  of  tetra- 
hydrofuran  at  room  temperature.  An  additional  quantity  of  the  alcohol 
(8.10g,  76.2  mmole)  was  added  over  two  days  and  the  mixture  was  refluxed 
for  an  additional  day  to  complete  the  formation  of  the  alcoholate.  Solid 
2, 4-dichloro-l, 5-naphthyridine  (4.98g,  25.0  mmole,  NI-15)  was  then  added 
at  room  temperature  and  the  mixture  was  refluxed  for  one  day.  The  suspension 
was  then  filtered  and  the  solvent  removed  from  the  filtrate  to  afford  an 
off-white  solid.  This  solid  was  taken  up  in  one  liter  of  hot  heptane, 
treated  with  magnesium  sulfate-charcoal,  and  filtered  while  hot.  The 
title  intermediate  of  analytical  purity  (Table  13)  separated  from  solution 
and  was  isolated  as  a  white  solid  in  35%  yield  (2.4g,  m.pt.  139-140°).  The 
proton  spectrum  for  this  compound  is  reproduced  in  Figure  46. 


3-Carbethoxy-4-hydroxy-6-benzyloxy-.l,5- 
naphthyridine  (NI-41) _ 

Recrystallized  diethyl  6-benzyloxy-3-pyridylaminomethylenemalonate 
(52. 4g,  0.141  mole,  NP-43)  was  slowly  added  into  500  ml.  of  phenyl  ether  at 
reflux  (250°C)  over  a  period  of  ca. ,  1.5  hours.  The  mixture  was  maintained 
at  reflux  for  an  additional  fifteen  minutes  before  cooling  to  room  tempera¬ 
ture.  Heptane  was  added  (ca. ,  500  ml.)  and  the  suspension  filtered  to 
afford  the  crude  ester.  This  crude  ester  was  slurried  with  hot  heptane  and 
filtered  to  remove  the  adherent  phenyl  ether.  The  total  yield  of  the  crude 
ester  was  ca. ,  80%  (37g.) .  The  analytical  sample  (Table  4)  was  obtained 
as  a  pale  tan  powder  by  trituration  with  hot  ethanol. 

4.5  Naphthyridine  Targets  (NT-1  through  NT-19) 


6-n-Butoxy-4- (4-die thylamino-l-methylbutylamino) - 
1, 5-naphthyridine  (NT-1) _ _ 

In  accord  with  Goldberg's  report  (_5> ,  a  mixture  of  6-n-butoxy- 

4-chloro-l, 5-naphthyridine  (3.0g,  12.7  mole,  NI-12),  4-diethylamino-l- 
methylbutylamine  (10. 2g)  and  copper-bronze  (0.5g)  was  slowly  heated  to 
180-190°.  The  mixture  was  maintained  at  180-190°  for  eighteen  hours  with 
vigorous  stirring.  The  resultant  brown  solution  was  cooled  to  room  tem¬ 
perature,  and  50  ml.  of  5N  sodium  hydroxide  solution  slowly  added  to 
neutralize  the  hydrochloric  acid  generated  in  the  reaction.  The  upper, 
brown  oily  phase  was  extracted  into  ether  and  the  ether  layer  dried  with 
magnesium  sulfate.  After  removal  of  the  ether,  the  residual  brown  oil 
was  subjected  to  molecular  distillation.  The  excess  diamine  was  slowly 
removed  over  a  range  of  25-150°  (0.08  mm).  The  product  was  then  isolated 
by  a  slow,  controlled  molecular  distillation  at  150-190  (0.10  mm).  Most 

of  the  product  distilled  over  the  range  of  160-170  (0.10  mm)  and  was 

isolated  as  an  orangish-yellow  oil  in  an  overall  yield  of  82%  (3.6g).  The 
analytical  data  are  included  in  Table  1,  and  the  proton  spectrum  exhibited 
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the  predicted  appearance.  This  product  eluded  all  attempts  to  prepare  an 
isolable  hydrochloride,  phosphate,  sulfate  or  citrate  derivative.  For 
characterization  purposes,  the  dipicrate  (5)  was  prepared  in  ethanol,  and 
agreed  with  the  formulated  structure.  The  analytical  data  for  this  dipicrate 
salt  are  also  included  in  Table  1. 


6-(2,2,2-Trifluoroethoxy)-4-(4-diethylamino-l-methylbutylamino)- 


1, 5-naphthyridine  (NT-2) 


Preformed  4-chlo ro-6- (2, 2, 2-tr if luoroethoxy)-l, 5-naphthyridine 
(3.0g  of  NI-13),  4-diethylamino-l-methylbutylamine  (11. Og)  and  a  catalytic 
quantity  of  copper-bronze  (0.5g)  was  slowly  heated  to  180-190°  and  maintained 
at  that  temperature  for  a  total  of  eighteen  hours.  After  cooling,  50  ml.  of 
5  N  sodium  hydroxide  was  added  and  the  mixture  was  extracted  three  times  with 
ether.  The  ether  layer  was  dried  over  magnesium  sulfate  and  the  solvent 
removed  under  a  nitrogen  purge.  The  residual  brown  oil  was  subjected  to 
molecular  distillation.  Crude  product  was  isolated  in  91%  yield  (4.0g, 
120-165°/0. 04  mm).  Analytically  pure  product  (Table  1)  was  obtained  as 
a  yellow  oil  in  55%  yield  (2.4g)  by  a  repeated  molecular  distillation 
(120-140/0.06  mm).  The  proton  spectrum  is  reproduced  in  Figure  17,  and 
the  following  assignments  have  been  made.  NMR  (CDCI3) :  1.57T  (1H,  d, 

ring  H-2) ;  1.88t  (1H,  d,  ring  H-8);  2.95x  (1H,  d,  ring  H-7) ;  3.49x  (1H, 
d,  ring  H-3);  4.02X  (III,  d,  N-H,  d,  ring  H-3);  4.02X  (1H,  d,  N-H,  JN_H  C_H  = 
8.1  H2);  5.15X  (2H,  q,  CFo-CHo-O,  JHF  =  8.4  Hz) ;  6.30X  (1H,  broad  m,  C-H); 
7.51x  (6H,  q,  N-CH2-);  8.2-9.2X  (13H,  m,  side  chain-CH2-,  CH3) ;  J2>3  =  5.1 
Hz;  and  J 2  8  ^  9  0 


A  dipicrate  was  prepared  for  characterization  purposes  and  was 
recrystallized  from  ethanol.  The  analytical  data  for  this  salt  are  also 
included  in  Table  1. 


6-n-Butoxy-4- (5-isopropylaminopentylamino) - 


1, 5-naphthyridine  (NT-3) 


A  mixture  of  b-  n-butoxy-4-chloro-l, 5-naphthyridine  (3.0g,  6.33 
mmole  of  NI-12),  5-isopropylaminopentylamine  (10.0g,13)  and  a  catalytic 
quantity  of  copper-bronze  (0.5g)  was  slowly  heated  to  180-190°  and  maintained 
at  this  temperature  for  a  total  of  eighteen  hours.  After  cooling  to  room 
temperature,  50  ml  of  5  N  sodium  hydroxide  was  slowly  added  with  vigorous 
stirring.  The  upper  brown  oily  phase  was  extracted  into  ether,  and  the 
ether  layer  dried  over  magnesium  sulfate.  After  removal  of  solvent,  the 
residual  brown  liquid  was  subjected  to  molecular  distillation.  Analytically 
pure  product  (Table  1)  was  obtained  as  a  yellow  oil  in  50%  yield  (2.2g, 
175-185  /0.15  mm).  The  proton  spectrum  is  reproduced  in  Figure  19,  and  the 
assignments  are  discussed  in  the  text  of  this  report. 
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2-Methoxy-4-(5-isopropylaminopentylamino) - 

1.5- naphthyridlne  (NT-4) _ 

Recrystallized  4-chloro-2-methoxy-l, 5-naphthyridine  (3.0g,  15.4 
mmole,  NI-16),  one  equivalent  of  potassium  carbonate  (2.1g),  and  an  excess 
of  5-isopropylaminopentylamine  (10.0g,13)  were  mixed  in  a  one-neck  flask 
at  room  temperature.  The  suspension  was  slowly  heated  to  170°  and  maintained 
at  this  temperature  for  eighteen  hours  with  the  aid  of  an  external  oil  bath. 
The  mixture  was  then  cooled  to  25°,  and  50  ml  of  ether  added  to  the  medium 
amber  suspension.  The  inorganic  salt  was  removed  by  filtration,  and  50  ml. 
of  5  N  sodium  hydroxide  solution  was  added  to  the  ether  solution  with 
vigorous  stirring.  The  ether  layer  was  then  separated  and  combined  with 
the  two  50  ml.  ether  extracts  of  the  water  layer.  After  drying  over  magnesium 
sulfate,  solvent  was  removed  from  the  ether  layer  to  afford  a  medium  brown 
liquid.  This  residual  liquid  was  then  subjected  to  molecular  distillation. 

The  excess  diamine  was  removed  over  the  range  of  90°-130°  (0.08  mm).  The 
title  product  was  subsequently  obtained  as  a  yellow  oil  in  two  cuts.  The 
first  cut  (2.0g)  distilled  over  the  range  155-160°  (0.04  mm)  and  exhibited 
identical  spectral  characteristics  to  that  of  the  second  cut.  Analytically 
pure  product  (Table  14)was  obtained  as  a  yellow  oil  in  54%  yield  (160-170  / 
0.04  mm,  2.5g,  njp  1.5663).  The  proton  spectrum  for  this  material  is  repro¬ 
duced  in  Figure  48. 

2-Methoxy-4-(5-isopropylaminopentylamino)- 

1. 5- naphthyridine  B  -resorcylate  (NT-5) 

A  solucion  of  2,4-dihydrcxybenzoic  acid  (2.60g,  16.9  mmole,  2.9 
mole-eq.)  in  42  ml.  of  diethyl  ether  was  slowly  added  dropwise  into  the 
solution  of  preformed  2-methoxy-4-(5-isopropylaminopentylamino)-l,5~ 
naphthyridine  (1.76g,  5.83  mmole,  NT-4)  at  room  temperature.  A  very  pale 
yellowish  suspension  immediately  formed  as  the  addition  was  started. 

After  the  addition  was  completed,  the  suspension  was  stirred  an  additional 
three  hours  at  room  temperature.  The  suspension  was  then  filtered  under  a 
nitrogen  atmosphere  and  immediately  dried  in  a  vacuum  oven  at  room  tempera¬ 
ture.  The  title  product  was  isolated  as  an  off-white  powder  in  a  crude 
yield  of  94%  (2.50g,  m.p. ,  167-168°).  The  analytical  data  are  included  in 
Table  14, and  the  infrared  spectrum  is  reproduced  in  Figure  49. 

2-Hydroxy-4-(4-diethylaraino-l-methylbutylamino)- 

1, 5-naphthyridine  (NT-6) _ 

Previously  recrystallized  4-chloro-2-hydroxy-l , 5-naphthyridine 
(2.5g,  13.8  mmole,  NI-17) ,  2-amino-5-diethylaminopentane  (20g) ,  and  a 
catalytic  quantity  of  copper-bronze  (0.5g)  were  mixed  well  at  room  tempera¬ 
ture.  This  suspension  was  then  slowly  heated  to  a  temperature  of  180  and 
maintained  there  for  a  total  of  eighteen  hours  with  the  aid  of  an  external 
oil  bath.  After  cooling  to  room  temperature,  60  ml.  of  5  N  sodium  hydroxide 
was  quickly  added  into  the  brown  solution  with  efficient  stirring.  The 
upper,  oily  phase  was  separated  and  combined  with  several  ether  extracts  of 
the  water  layer.  The  organic  layer  was  then  dried  (MgSO/j),  and  the  ether 
removed  by  means  of  a  nitrogen  purge.  The  residual  brown  oil  was  then 
fractionated  through  a  molecular  distillation  apparatus.  Excess  diamine 
was  first  removed  as  a  colorless  liquid  (ca. ,  60-135  / 0.04  mm).  Very  little 
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distillate  was  next  ovtained  over  the  range  135-190°  (0.02  mm).  The  title 
product  distilled  very  slowly  over  a  period  of  twenty-four  hours  and  was 
collected  as  an  amber  gum  in  84%  yield  (3.5g,  190-195°/0.02  mm).  The 
analytical  sample  (Table  l4)was  obtained  by  recrystallization  from  ether 
(charcoal)-pentane  and  was  obtained  as  a  white  powder  (1.9g,  m.pt.  95-96°). 

The  infrared  and  proton  spectra  (Figures  50  and  51,  respectively)  for  the 
recrystallized  material  were  identical  to  the  gum  obtained  by  molecular 
distillation. 

2-Hydroxy-4~(5-isopropylaminopentylamino)- 

1,5-naphthyridine  (NT-7) _ 

Previously  recrystallized  4-chloro-2-hydroxy-l,5-naphthyridine 
(2.5g,  13.8  mmole,  NI-17)  was  quickly  added  into  a  suspension  of  copper- 
bronze  (0.5g)  and  5-isopropylaminoamylamine  (10. Og,  69.5  mmoles,  13)  at  room 
temperature.  The  suspension  was  then  slowly  heated  with  stirring  by  means 
of  an  external  oil  bath.  A  brown  solution  formed  near  120°.  The  mixture 
was  then  maintained  at  180  for  a  total  of  eighteen  hours  before  cooling  to 
room  temperature.  A  5  N  solution  of  sodium  hydroxide  (50  ml.)  was  then 
added  with  efficient  stirring  to  neutralize  the  hydrochloric  acid  produced 
in  the  reaction.  At  this  stage,  the  organic  phase  was  present  as  a  brown 
oil  on  top  of  the  water  layer.  In  accord  with  our  previous  technique,  200 
ml.  of  ether  was  then  added  to  pick  up  the  organic  layer.  However,  the 
addition  of  the  ether  immediately  precipitated  a  tan  solid  from  the  upper 
organic  phase.  An  additional  100  ml.  of  ether  was  added  with  stirring,  and 
the  three  phase  system  (water,  ether  and  solid)  was  filtered  to  afford  a 
tan,  somewhat  gummy  solid.  The  solid  was  taken-up  in  150  ml.  of  hot  tetra- 
liydrofuran,  treated  with  charcoal  and  filtered.  The  resultant  clear  amber 
solution  was  dried  with  magnesium  sulfate  and  filtered  again.  An  excess  of 
dry  ether  (ca.,  300  ml.)  was  then  added  to  the  clear,  amber  tetrahydrofuran 
solution.  This  solution  was  cooled  to  0°  for  several  hours,  and  the  title 
product  separated  from  solution  as  an  off  white  powder  in  a  crude  yield  of 
71%  (2.9g).  The  analytical  sample  (Table  14)was  recrystallized  from  tetra¬ 
hydrofuran  (charcoal) -ether  at  -20  and  was  obtained  as  a  white  powder  in 
57%  yield  (2.3g).  The  melting  point  behavior  of  this  product  was  peculiar. 

At  87.0-87.5  a  nearly  instantaneous  surface  wetting  was  noted.  No  additional 
change  was  noted  until  a  sharp  melt  to  a  clear  liquid  was  observed  at  117-118  . 
The  proton  spectrum  for  this  white  solid  is  reproduced  in  Figure  52. 


6-(2 ,2 ,2-Trifluoroethoxy)  -4-(5-isopropylaminopentylamino) - 


1,5-naphthyridine  (NT-8) 


A  mixture  of  4-chloro-6-(2 ,2, 2-trifluoroethoxy) -1,5-naphthyridine 
(3.0g,  11.4  mmole,  NI-13) ,  5-isopropylarainopentylamine  (10.0g,13),  and 
copper-bronze  (0.5g)  was  slowly  heated  to  180-190°  and  maintained  at  that 
temperature  for  eighteen  hours  with  the  aid  of  an  external  oil  bath.  The 
resultant  brown  suspension  was  cooled  to  room  temperature,  and  50  ml.  of  5  N 
sodium  hydroxide  added  under  strong  stirring.  The  organic  phase  was  then 
separated  and  combined  with  three-50  ml.  ether  extracts  of  the  water  layer. 
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After  drying  (MgSO^) ,  the  ether  was  removed  under  a  nitrogen  purge  to  afford 
a  brownish-orange  liquid.  This  liquid  was  then  subjected  to  molecular 
distillation.  The  excess  diamine  was  removed  over  the  range  25-155°  (0.04  mm). 
Analytically  pure  product  (Table  7)  was  subsequently  obtained  as  a  yellow- 
orange  oil  in  45%  yield  (1.9g,  155-165°/0 .04  mm,  n^  1.5287).  The  proton 
spectrum,  Figure  20,  is  clearly  in  accord  with  the  formulated  structure. 


6-(2, 2,2-Trifluoroethoxy) -4-(5-isopropylarainopentylamino) - 
1,5-naphthyridine  di- 6 -resorcylate  (NT-9) _ 

Analytically  pure  6-(2,2,2-trifluoroethoxy)-4-(5-isopropylamino- 
pentylamino) -1,5-naphthyridine  (1.30g,  3.52  mmole,  NT-8)  was  dissolved  in 
50  ml.  of  ether  at  room  temperature.  A  solution  of  2,4-dihydroxybenzoic 
acid  (l.llg  of  97%  purity,  2.0  mole-eq.)  in  20  ml.  of  diethyl  ether  was 
then  added  dropwise.  A  white  suspension  formed  immediately  upon  the  addition 
of  the  acid  solution.  The  suspension  was  then  stirred  an  additional  two 
hours  at  25°  before  filtering  under  a  nitrogen  atmosphere.  The  solid  was 
then  immediately  transferred  to  a  vacuum  oven  and  was  dried  at  room  tempera¬ 
ture.  The  title  salt  was  thereby  obtained  as  a  white  powder  in  81%  yield 
(1.90g,  m. p.  106-109°).  'The  analytical  data  are  included  in  Table  7,  and 
the  infrared  spectrum  is  reproduced  in  Figure  21. 


b-(2, 2,2-Trif luoroethoxy)-4-(4-diethylamino-l- 
methylbutylamino) -1,5-naphthyridine  di- 8  - 
resorcylate  mono-hydrate  (NT-10) _ 

A  sample  of  our  previously  characterized  6-(2,2,2-trifluoroethoxy)- 
4-(4-diethylamino-l-raet,hylbutylamino)-l,5-naphthyridine  (1.4g,  3.64  mmole, 
NT-2)  was  dissolved  in  about  50  ml.  of  diethyl  ether  at  room  temperature. 

A  solution  of  2,4-dihydroxybenzoic  acid  (1.12g,  7.29  mmole)  in  20  ml.  of 
ether  was  then  added  dropwise  at  room  temperature.  A  white  suspension 
formed  immediately.  After  stirring  for  several  hours ,  the  suspension  was 
filtered  under  nitrogen.  The  powder  proved  to  be  mildly  deliquescent  and 
was  therefore  immediately  transferred  to  a  vacuum  oven  and  dried  at  room 
temperature  (0.10  mm)  for  2  days.  The  title  salt  was  obtained  as  a  white 
powder  in  81%  yield  (2,10g,  m.p.  105-106°).  The  analytical  data  (Table  7) 
consistently  revealed  the  presence  of  one  molecule  of  water  of  recrystal¬ 
lization. 

6-Methoxy-4-(5-isopropylaminopentylamino)~ 

1,5-naphthyridine  (NT-11) _ 

A  mixture  of  4-chloro-6-methoxy-l, 5-naphthyridine  (3.0g,  15.4 
mmole,  NI-28) ,  potassium  carbonate  (2.2g,  16.0  mmole),  and  an  excess  of  5- 
isopropylaminopentylamine  (10. Og,  69.5  mmole,  13)  was  slowly  brought  to  150° 
with  efficient  stirricg.  After  eighteen  hours,  the  brown  suspension  was 
cooled,  50  ml.  of  ether  added,  and  the  inorganic  salt  was  removed  by 
filtration.  The  ether  layer  was  then  shaken  well  with  50  ml.  of  5N  sodium 
hydroxide  solution.  The  ether  layer  was  then  separated,  combined  with  two 
additional  ether  extracts  (50  ml),  dried  over  magnesium  sulfate,  and  the 
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ether  removed  under  a  nitrogen  purge.  The  residual  brown  liquid  was  then 
subjected  to  a  molecular  distillation.  After  the  diamine  was  removed, 
the  title  product  was  obtained  as  a  yellow-amber  oil  in  64%  yield  (3.0g, 
140-145°/0.01  mm,  n^  1.5582).  The  analytical  data  for  this  material  are 
reproduced  in  Table  9,  and  the  proton  spectrum  is  reproduced  in  Figure  39. 

6-Ethoxy-4-(5-isopropylaminopentylamino)- 

1, 5-naphthyridine  (NT-12) _ 

A  mixture  of  4-chloro-6-ethoxy-l, 5-naphthyridine  (3.0g,  14.4 
mmole.  NI-29) ,  potassium  carbonate  (2.1g,  15.2  nmole),  and  an  excess  of 
5-isopropylaminopentylamine  (10. Og,  69.5  nmole)  was  maintained  at  150-160° 
for  eighteen  hours  with  the  aid  of  an  external  oil  bath.  After  cooling 
the  amber  suspension  to  room  temperature,  50  ml.  of  ether  was  added  and 
the  inorganic  salt  was  removed  by  filtration.  The  filtrate  was  shaken 
well  with  50  ml.  of  5N  sodium  hydroxide  solution.  The  organic  phase  was 
then  separated  and  combined  with  two  ether  washings  (25  ml)  of  the  water 
layer.  The  ether  solutions  were  then  dried  over  magnesium  sulfate,  and 
the  solvent  removed  under  a  nitrogen  purge.  The  residual  amber  liquid 
was  then  fractionated  in  a  molecular  distillation  apparatus.  After  removal 
of  the  excess  diamine,  the  title  material  was  isolated  as  a  yellow-amber 
oil  in  53%  yield  (2.4g,  160-175°/0.04  mm;  considerable  bumping,  most  distilled 
at  160-165 °/0. 04  mm).  The  analytical  data  for  this  product  are  included  in 
Table  9,  and  the  proton  spectrum  is  reproduced  in  Figure  31. 


6-Methoxy-4-(5-isopropylaminopentylamino) -1,5- 
naphthyridine  di-8  -resorcylate  (NT-13) _ 


Sabs 


A  slight  excess  of  2,4-dinydroxybenzoic  acid  (1.75g,  11.3  mmole) 
in  100  ml.  of  ether  was  added  dropwise  into  the  solution  of  6-methoxy-4- 
(5-isopropylaminopentylamino)-l, 5-naphthyridine  (1.37g,  4.53  mmole,  NT-11) 
at  room  temperature.  A  white  suspension  formed  immediately  as  the  addition 
progressed.  After  stirring  for  one  hour,  the  suspension  was  filtered  to 
afford  the  di-8-rescrcyiate  salt  in  82%  yield  (2.3g,  m.p.  103-105°).  The 
analytical  data  are  included  in  Table  9,  and  the  infrared  spectrum  is 
reproduced  in  Figure  32. 

6-Ethoxy-4-(5-isopropylaminopentylamino)-l ,5- 
naphthyridine  di-8-resorcylate  (NT-14) _ 

A  solution  of  2,4-dihydroxybenzoic  acid  (1.57g,  10.2  mmole)  in 
50  ml,  of  ether  was  slowly  added  dropwise  into  a  well-stirred  solution  of 
6--ethoxy-4-(5-isopropylaminopentylamino)-l ,5-naphthyridino  (1.3g,  4.12  mmole, 
NT-12)  in  about  100  ml.  of  ether  at  25°.  After  stirring  for  several  hours, 
the  suspension  was  filtered  to  afford  the  title  product  as  a  white  powder 
in  79%  yield  after  drying  at  50°  (2.1g,  m.p.  96-98°).  The  analytical  data 
for  this  product  are  included  in  Table  9. 
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6-Methoxy-4-(4-diethylamino-l-methyl- 
butylamino)-lt5-naphthyridine  (NT-15) 

A  mixture  of  preformed  4-chioro-6-methoxy-l,5-naphthyridiue 
(2.6g,  13.3  mmole),  potassium  carbonate  (2.0g,  14.5  mmole)  and  an  excess  of 
2-amino-4-diethylaminopentane  (20g)  was  slowly  brought  to  160°  and  maintained 
at  this  temperature  for  eighteen  hours  with  efficient  stirring.  The  resultant 
dark  brown  suspension  was  cooled  to  room  temperature  and  50  ml.  of  5N  sodium 
hydroxide  added.  After  this  extraction,  the  ether  phase  was  combined  with 
two  additional  ether  extracts.  It  should  be  mentioned  that  an  emulsion  formed 
in  the  initial  extraction  step;  however,  this  emulsion  was  easily  broken  by 
the  addition  of  ca.,  50  ml.  of  water.  The  combined  ether  extracts  were  dried 
over  magnesium  sulfate  before  the  removal  of  solvent  with  a  nitrogen  purge. 

The  residual  brown  liquid  was  then  fractionated  through  a  molecular  distil¬ 
lation  apparatus.  Excess  diamine  was  first  removed  at  ca.,  35-100°.  Con¬ 
siderable  sublimation  of  unreacted  starting  material  was  then  noted  near 
100°.  The  title  product  was  then  collected  as  an  amber  oil  in  36%  yield 
(1.5g,  125-130°/0.07  mm,  n^  1.5468).  The  analytical  data  are  included  in 
Table  9,  and  the  proton  spectrum  is  reproduced  in  Figure  33. 


6-Methoxy~4- (4-diethylamino-l-methylbutylamino)-l, 5- 
naphthyridine  di-&-resorcylate  mono-hydrate  (NT-16) 

An  excess  of  2,4-dihydroxybenzoic  acid  (0.88g,  5.7  mmole)  in  25  ml. 
of  ether  was  slowly  added  dropwise  into  a  solution  of  preformed  6-methoxy-4- 
(4-diethylamino-l-methylbutylamino)-l,5-naphthyridine  (0.60g,  1.9  mmole, 
NT-15)  in  50  ml  of  ether  at  room  temperature.  The  resultant  white  suspension 
was  stirred  for  several  hours  before  filtering  off  the  title  salt  in  50% 
yield  (0.60g,  m.p.  98-100).  The  analytical  data  (Table  9)  consistantly 
revealed  the  presence  of  a  mono-hydrate.  The  infrared  spectrum  for  this 
white  powder  is  reproduced  in  Figure  35. 


3-Carboraethoxy-4-hydroxy-6-methoxy- 
1,5-naphthyridine  (NT-17) _ 

Recrystallized  dimethyl  6-methoxy-3-pyridylaminomethylenemalonate 
(5.0g,  18.8  mmole,  NP-28)  was  slowly  added  portionwise  into  refluxing 
diphenyl  ether  (50g) .  Heating  was  then  continued  for  only  a  short  period 
until  a  noticeable  darkening  of  the  reaction  mixture  occurred.  After 
cooling  to  room  temperature,  the  suspension  was  filtered  and  the  crude 
product  was  obtained  in  quantitative  yield  (4.5g)  after  washing  well  with 
heptane.  The  analytically  pure  material  (Table  10) was  obtained  in  57% 
yield  (2 . 5g ,  m.p.  288-290°)  after  trituration  with  hot  ethanol  and  drying 
at  110°.  The  infrared  spectrum  of  this  off  white  solid  is  reproduced  in 
Figure  37. 


6-Ethoxy-4- (4-die thylamino-l-methylbutylamino) - 
1,5-naphthyridine  (NT-18) _ 


A  mixture  of  our  previously  characterized  4-chloro-6-ethoxy-l,5- 
naphthyridine  (1.50g,  7.18  mmole,  NI-29),  2-amino-4-diethylaminopentane 
(15. Og,  94.5  mmole),  and  a  catalytic  quantity  of  copper-bronze  (0.5g)  was 
slowly  brought  to  150°  with  efficient  stirring.  Heating  was  continued  for 
a  total  of  eighteen  hours,  at  which  point  the  dark  brown  solution  was  cooled 
to  room  temperature.  Aqueous  sodium  hydroxide  solution  (50  ml  of  5N)  was 
then  added  with  stirring,  to  neutralize  the  hydrochloric  acid  generated  in 
the  reaction.  The  upper  oily  phase  was  then  extracted  into  ether  (3x75  ml.) . 
The  combined  ether  layers  were  dried  over  magnesium  sulfate  and  the  solvent 
removed  to  afford  a  brown  liquid.  This  residual  liquid  was  then  subjected 
to  molecular  distillation.  After  removal  of  excess  diamine  the  title 
product  was  collected  as  an  amber  oil  in  67%  yield  (1.6g,  130-150°/0.05  mm). 
The  analytical  data  are  included  in  Table  9,  and  the  proton  spectrum  is 
reproduced  in  Figure  34. 

6-Ethoxy-4 -( 4-d  iethy lamino-l-me  t  hylb  ut y lamino) - 
1,5-naphthyridine  di-8  -resorcylate  (NT-19) 

A  solution  of  2,4-dihydroxybenzoic  acid  (0.70g,  4.55  mmole,  2.5 
mole-eq.)  in  100  ml.  of  ether  was  slowly  added  dropwise  into  a  solution  of 
preformed  6-ethoxy-4-(4-diethylamino-l-methylbutylamino) -1,5-naphthyridine 
(0.60g,  1.82  mmole,  NT-18)  in  100  ml.  of  ether  'at  room  temperature.  A 
suspension  immediately  formed  which  was  stirred  for  an  additional  several 
hours  at  room  temperature.  The  title  product  was  then  isolated  as  a  white 
powder  in  95%  yield  by  filtration  under  nitrogen  (1.10g,  m. p.,  90-93°).  The 
analytical  data  are  included  in  Table  9. 
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Naphthyrldine  Intermediates  (NI-1  through  NI-41) 
Structure 
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Naphthyridine  Precursors  (NP-1  through  NP-43) 


Structure 
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6. 2  Biological  Activity  Data 

Test  results  for  the  prophylactic  screen  have  been  obtained 
for  most  of  the  target  drugs  which  have  been  submitted  to  WRAIR.  In 
general,  no  significant  prophylactic  activity  has  been  observed  in  the 
Rhesus  monkey  in  the  lower  dosage  range  (1  mg/kg).  However,  one  target 
compound ,  2-hydroxy-4- (5-isopropylaminopen tylamino ) -1 , 5-naphthyr idine 
(NT-7),  continues  to  afford  protection  after  more  than  seventy  days  at 
a  dosage  level  of  10  mg /kg. 


nh(ch2)5nhch(ch3)2 

(NT-7) 


While  biologic  testing  data  are  not  yet  complete  in  the  therapeuti 
screen,  we  have  included  below  a  summary  of  the  activity  data  received  to 
date. 
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6.3  Program  Organization  and  Personnel 

This  program  has  been  conducted  in  the  Government  Research 
Laboratory  of  Exxon  Research  and  Engineering  Company.  The  prinicpal 
investigator  for  this  project  is  Dr.  John  F.  Pilot.  During  the  first 
year  of  this  program  _>r.  Pilot  has  been  assisted  by  Mr.  James  H. 
Ballentine.  Dr.  Pilot  is  currently  being  assisted  by  Mr.  Nelson  C. 
Edwards.  Dr.  Dauiel  Grafstein,  Manager  of  the  Applied  Science  Section, 
has  been  responisble  for  the  administrative  aspects  of  this  program. 
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